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FOREWORD 


The  Multipurpose  Arcade  Combat  Simulator  (MACS)  is  an  inexpensive,  part- 
task  weapons  trainer  that  vas  developed  to  overcome  the  training  problems 
encountered  because  of  insufficient  facilities  and  too  few  instructors. 

Because  it  uses  mostly  off-the-shelf  components,  MACS  is  substantially  lover 
in  cost  than  other  available  training  devices,  although  it  is  equally  effec¬ 
tive.  While  current  interest  is  focused  primarily  on  its  use  as  a  rifle 
marksmanship  trainer,  MACS  vas  designed  so  that  the  basic  hardware  could  be 
used  to  provide  training  on  a  variety  of  weapon  systems. 

This  report  describes  the  Basic  Rifle  Marksmanship  (BRM)  software  de¬ 
signed  for  use  with  the  MACS  system.  An  overview  of  the  softvare  is  pre¬ 
sented,  followed  by  a  discussion  of  the  instructional  design  of  the  program. 
Presented  in  detail  are  discussions  of  the  feedback  provided  on  marksmanship 
fundamentals,  derivation  of  performance  standards,  skill  tests  used  to  deter¬ 
mine  appropriate  starting  levels,  and  program  options  that  may  be  accessed 
through  the  menu. 

Patented  in  1986,  MACS  is  a  product  of  the  U.S.  Army  Research  Institute 
for  the  Behavioral  and  Social  Sciences  Port  Benning  Field  Unit,  which  conducts 
research  on  training  and  training  technology  with  particular  emphasis  on  indi¬ 
vidual  and  small  team  skills  in  the  Infantry  arena.  The  research  task  that 
supports  this  mission  is  titled  "Developing  Training  for  Individual  and  Crew- 
served  Weapons"  and  is  organized  under  the  "Training  for  Combat  Effectiveness" 
program  area.  The  U.S.  Army  Infantry  School  under  a  Memorandum  of  Understand¬ 
ing  (9  December  1987)  and  the  U.S.  Army  Training  Support  Center  under  a  Train¬ 
ing  Device  Need  Statement  for  MACS  approved  in  1984  provided  sponsorship  for 
the  MACS  research  program.  The  MACS  system  software  described  in  this  report 
is  being  fielded  Army-wide  by  the  Training  Support  Center  at  Fort  Benning, 
Georgia. 


EDGAR  M.  JOHNSON 
Technical  Director 
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MULTIPURPOSE  ARCADE  COMBAT  SIMULATOR  <MACS> 
BASIC  RIFLE  MARKSMANSHIP  (BRM)  PROGRAM 


Introduction 

The  MACS  BRM  program  has  been  under  development  since  1985.  The  BRM 
program  is  intended  for  school  instruction  in  basic  rifle  marksmanship,  as 
well  as  for  remedial  and  sustainment  training.  The  program  has  been  used  with 
particular  success  in  helping  the  average  and  below  average  shooter  attain 
proficiency  in  marksmanship  skills  (Evans,  1986) .  The  purpose  of  this  paper 
is  to  describe  the  latest  version  of  the  BRM  program  (Version  6901) .  The 
program's  instructional  design,  performance  measures,  and  rationale  behind  the 
standards  are  described  in  detail.  This  paper  will  be  of  interest  to 
individuals  engaged  in  MACS  developmental  work  and  others  who  are  involved  in 
demonstrating  the  BRM  program. 

The  MACS  system  is  a  low-cost,  computer-based,  part-task  weapons  trainer. 
The  system  components  include  a  weapon  (e.g.,  a  demilitarized  Ml 6  rifle)  with 
an  optical  focus  light  pen  attached  to  the  barrel,  a  Commodore  64  computer, 
and  software  appropriate  to  the  characteristics  of  the  weapon.  The  system 
allows  shooters  to  practice  basic  skills  by  firing  at  targets  at  acaled  ranges 
that  are  displayed  on  a  computer  screen.  Diagnostic  feedback  is  provided. 

The  program  has  been  validated  as  a  teaching  device  (Evans,  1988) . 

The  MACS  BRM  program  presents  stationary  targets  only,  set  at  ranges 
between  50  and  300  meters.  The  program  includes  an  initial  assessment  of 
the  shooter's  marksmanship  skill  level,  followed  by  nine  progressively  more 
difficult  levels  of  training.  Specific  performance  standards  are  set  for  each 
level.  At  the  end  of  each  level,  the  shooter's  performance  is  compared  to 
standards  within  the  program.  At  this  point,  a  shooter  may  advance  to  the 
next  level,  stay  at  the  same  level,  or  regress  to  a  lower  level. 

The  program  is  designed  to  be  used  with  an  instructor  present;  however, 
one  instructor  can  monitor  several  systems  concurrently,  since  the  on-screen 
text  is  largely  self-explanatory  to  the  user.  As  long  as  a  soldier  is  making 
satisfactory  progress,  the  computer  screen  border  remains  black  in  color.  The 
instructor's  attention  is  drawn  to  any  soldier  having  difficulty  by  a  change 
in  border  color.  The  program  is  designed  to  help  the  instructor  diagnose  the 
shooter's  problems  and  provide  corrective  guidance  to  the  soldier. 

Diagnostic  measures  include  steady  position,  aiming,  trigger  squeeze,  and 
breath  control.  Shot  groups  for  each  range  are  displayed  at  the  end  of  each 
firing  sequence  or  level  in  the  program. 

The  program  begins  with  a  marksmanship  skill  test,  which  is  used  to  zero 
the  system  electronically,  and  to  determine  the  appropriate  starting  level  for 
the  shooter.  Shooters  beginning  at  a  low  level  receive  heavily  augmenteo 
feedback  and,  as  progress  is  made  from  level  to  level,  this  feedback  is 
gradually  withdrawn.  When  shooters  reach  Level  7,  they  are  performing  with 
feedback  that  simulates  that  found  in  actual  record  fire  tests  and  they  are 
firing  to  record  fire  standards.  Levels  8  and  9  take  the  shooters  beyond 
basic  record  fire  requirements  and  prepare  them  for  the  Advanced  Rifle 
Marksmanship  (ARM)  course. 
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The  BRM  program  is  written  in  6510  Assembler  and  BASIC.  Flow  charts, 
program  documentation,  and  program  listings  are  presented  in  Appendixes  C 
through  G. 


Instructional  Design  of  the  BRM  Program 

When  novices  learn  to  shoot,  they  frequently  flinch  or  blink  as  they  pull 
the  trigger.  When  flinching  occurs  in  anticipation  of  the  discharge  of  the 
weapon  rather  than  following  the  discharge,  it  disturbs  the  lay  of  the  weapon. 
Thus,  in  live  fire,  a  new  shooter  has  to  learn  to  control  any  tendency  to 
flinch  and,  concurrently,  roaster  the  fundamentals  of  marksmanship  that  enable 
accurate  shooting. 

Because  the  rifle  used  with  the  MACS  BRM  system  has  no  flash,  recoil,  or 
cartridge  ejection  when  fired,  no  anticipatory  flinch  is  induced.  This 
enables  the  shooter  to  concentrate  on  developing  the  psychomotor  skills  needed 
to  master  the  fundamentals  of  marksmanship.  These  are  maintenance  of  a  steady 
position,  controlled  breathing,  correct  aiming,  and  good  trigger  control 
(Osborne  &  Smith,  1905;  U.S.  Army  Infantry  School  (USAIS),  1904). 

Evans  (1909)  has  demonstrated  that  rifle  marksmanship  simulators  that 
have  no  recoil  train  as  effectively  as  those  that  incorporate  it;  and  he  has 
pointed  out  that  the  lack  of  recoil  is  of  particular  advantage  to  the 
instructor  because  it  enables  errors  arising  from  poor  trigger  squeeze  to  be 
identified.  In  live  fire,  such  errors  are  often  confounded  with  errors 
arising  from  anticipatory  flinch.  Poor  trigger  control  has  been  shown  to 
cause  more  target  misses  than  does  failure  to  master  each  of  the  other 
fundamentals  (Osborne  l  Smith,  1985;  USAIS,  1984). 

The  Army  teaches  soldiers  to  aim  at  the  center  of  mass  of  a  target.  The 
rationale  for  this  is  that  if  soldiers  always  aim  at  the  center  of  mass  of  a 
stationary  target,  they  have  a  higher  chance  of  hitting  that  target.  However, 
the  overall  purpose  of  basic  rifle  marksmanship  training  is  to  enable  the 
soldier  to  hit  the  enemy  in  combat.  For  this  reason,  the  minimum  standard  set 
in  record  fire  is  to  hit  23  out  of  40  targets;  the  hits  are  credited 
irrespective  of  the  location  of  the  shots  relative  to  center  of  mass.  Thus, 
two  separate  criteria  exi  t  (aim  center  of  mass  and  hit  the  target),  and  these 
criteria  are  not  always  compatible. 

For  example,  a  shot  that  strikes  an  E-type  silhouette  in  the  head  is 
located  farther  from  the  center  of  mass  of  that  target  than  a  shot  that  just 
misses  the  target  but  is  in  the  horizontal  plane  of  the  center  of  the  target. 
By  the  criterion  of  aim  center  of  mass  the  miss  is  a  better  located  shot  than 
is  the  head  shot.  However,  by  the  hit  or  miss  criteria,  the  head  shot  is 
clearly  better.  The  MACS  BRM  program  uses  both  criteria.  Progress  within  a 
level  is  governed  by  a  requirement  to  hit  a  set  number  of  targets,  either  at 
each  range  or  in  total.  Progress  from  level  to  level  is  determined  by  the 
accuracy  of  shots  relative  to  the  center  of  mass  of  the  targets.  Therefore,  a 
soldier  who  progresses  through  the  levels  is  not  only  hitting  an  adequate 
number  of  targets,  but  is  hitting  targets  within  reasonable  proximity  to 
center  of  mass. 

Many  scholars,  and  notably  Smith  and  Smith  (1966),  argue  that,  in 
essence,  the  act  of  learning  is  the  adjustment  of  one's  activities  in  the 
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light  of  feedback  received.  Thus  in  learning  to  shoot,  one  fires,  observes 
the  result  (target  does  or  does  not  fall),  makes  adjustments,  and  fires  again; 
the  objects  being  to  reduce  discrepancies  between  the  goal  (hitting  the 
target)  and  the  result  (bullet  strike  -  if  this  is  observed) .  Although  a 
shooter  can  learn  independently,  the  learning  process  is  speeded  by  the 
provision  of  extrinsic,  augmented  feedback,  such  as  sure  knowledge  of  where 
the  missing  shot  went,  and  guidance  on  what  one  did  wrong.  Bilodeau  and 
Bilodeau  (1958)  have  shown  that  for  some  motor  skill  tasks,  the  rate  of 
learning  is  proportional  to  the  number  of  trials  providing  extrinsic  feedback, 
and  that  ten  trials  each  with  extrinsic  feedback  can  teach  as  rapidly  as  100 
trials 'with  feedback  after  every  tenth  trial.1 

Bilodeau  (1966)  describes  three  types  of  augmented  feedback  that  have 
been  demonstrated  to  help  in  such  tasks;  these  are  concurrent  feedback, 
information  feedback,  and  learning  feedback.  The  MACS  BRM  program  uses  all 
three.  Concurrent  feedback  is  artificial  augmentation  of  the  effect  of  a 
response.  In  the  initial  levels  of  the  BRM  program  (Levels  1  and  2),  this  is 
provided  by  a  cross  showing  bullet  strike  and  the  words  HIT  or  MISS  appearing 
on  the  screen.  Information  feedback  is  feedback  given  immediately  after  a 
trial  and  is  an  objective  assessment  of  performance.  In  the  initial  levels  of 
the  program,  such  feedback  is  given  after  every  shot  and  takes  the  form  of  a 
screen  showing  ratings  of  the  shooter's  performance  on  the  four  fundamentals 
of  marksmanship  (steady  position,  aiming,  trigger  squeeze  and  breath  control), 
as  well  as  a  replay  of  the  front  sight  post  coming  onto  target.  Learning 
feedback  is  delayed  feedback  provided  at  the  end  of  a  series  of  trials.  The 
MACS  BRM  program  provides  summary  screens  showing  overall  performance  at  the 
end  of  each  level. 

Because  augmented  feedback  is  not  available  in  actual  combat,  it  is 
important  that  the  shooter  does  not  become  dependent  upon  it.  For  example, 
the  showing  of  bullet  strike  on  the  screen  when  the  shooters  miss  aids  in 
adjusting  their  subsequent  shots,  but  in  combat  they  may  not  know  where  the 
round  impacted.  Therefore,  as  the  shooter  progresses,  feedback  is  gradually 
withdrawn  so  that  in  Levels  3  and  4,  detailed  single-shot  feedback  is  only 
given  for  a  poor  shot  and  in  Levels  5  and  6,  feedback  is  given  only  in  summary 
font.  By  the  time  shooters  reach  Level  7,  they  have  learned  to  operate  with 
the  same  amount  of  feedback  that  they  would  receive  on  a  record  fire  range. 
Precise  details  of  the  feedback  at  each  level  are  in  Appendix  A  and  are 
discussed  in  the  descriptions  of  the  levels  (see  p.  5).  The  withdrawal  of 
feedback  gradually)  and  only  after  the  shooter  has  manifested  a  reasonable 
level  of  proficiency  agrees  with  conclusions  reached  by  Stammers  and  Patrick 
(1975)  in  their  comprehensive  discussion  of  the  subject. 

The  MACS  BRM  program  is  a  self-paced  training  system  that  enables 
individual  shooters  to  progress  at  a  rate  appropriate  to  their  initial  skill 


‘Lavery  (1962)  argues  that  performance  can  contain  both  variable  error 
and  constant  error,  where  variable  error  is  the  result  of  random  factors,  and 
constant  error  is  the  result  of  the  trainee's  behavior.  He  points  out  that 
provision  of  feedback  after  every  trial  can  cause  a  trainee  to  try  and  correct 
for  "variable  error"  and  therefore  concludes  that  feedback  should  only  be 
given  at  the  end  of  a  block  of  trials.  This  view  is  not  subscribed  to  in  the 
design  of  the  MACS  BRM  program. 
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levels  and  aptitudes  for  the  task.  When  new  shooters  begin  on  the  system, 
they  are  given  a  test  that  assesses  the  level  at  which  they  should  begin.  The 
program  then  may  start  them  at  any  level  between  1  and  5.  It  is  only  a  very 
competent  shooter,  however,  who  begins  at  Level  3  or  above.  This  test  is 
discussed  in  detail  subsequently. 

The  program  is  designed  to  enable  self -pacing.  To  this  end,  information 
screens  at  the  start  of  each  level  inform  tut  shooter  of  the  number  of  targets 
that  will  appear,  whether  they  are  timed  or  untimed  targets,  the  position  the 
shooter  should  adopt  (supported  or  unsupported),  and  the  standard  the  shooter 
must  meet  (e.g.,  in  Levels  1  and  2,  to  hit  two  out  of  three  targets  at  each 
range) .  At  the  start  of  Levels  1  and  2  only,  additional  screens  instruct  the 
shooter  to  aim  at  center  of  mass  and  teach  what  is  meant  by  center  of  mass. 
When  shooters  fail  to  meet  the  standard,  they  are  told  on  screen  that  they 
must  refire;  they  are  informed  when  they  have  refired  successfully. 

Similarly,  if  they  are  sent  back  a  level  or  made  to  repeat  a  level,  they  are 
told  on  screen  that  this  is  happening,  and  why  it  is  happening. 

Before  a  novice  can  use  the  MACS  BRM  program  to  develop  marksmanship 
skills,  three  basic  concepts  must  be  understood.  These  are  correct  sight 
alignment,  correct  placement  of  the  front  sight  post  on  the  target,  and  what 
is  meant  by  a  tight  shot  group.  However,  because  not  all  users  are  novices, 
these  concepts  are  taught  in  an  optional  introductory  program  that  the 
instructor  can  access  via  the  system  menu.  This  program  is  described  in  the 
section  on  optional  programs  and  features. 

For  the  expert  marksman,  a  motivational  element  is  present  in  the 
program.  At  the  end  of  level  9,  the  top  ten  shooters  may  record  their 
initials  on  the  screen  upon  completion  of  the  level.  The  recording  of 
shooter's  initials  is  designed  primarily  to  encourage  competition  among  those 
undergoing  sustainment  training. 

The  MACS  BRM  program  is  designed  so  that  one  instructor  can  monitor  a 
number  of  shooters,  firing  on  separate  individual  systems,  simultaneously. 

This  is  achieved  by  making  the  program  as  self-explanatory  as  possible.  As 
long  as  a  shooter  is  making  steady  progress,  the  screen  border  remains  black. 
Only  when  a  shooter  is  having  difficulty  does  the  border  change  color. 
Therefore,  instructors  can  scan  rapidly  down  a  row  of  monitors  and  determine 
where  their  individual  attention  would  be  best  applied.  The  border  color 
coding  is  as  follows: 

A  black  border  indicates  that  the  shooter  is  making  satisfactory 
progress. 

-  A  red  border  indicates  that  the  shooter  is  refiring  targets  at  a 
particular  range,  or  a  part  of  a  level. 

A  blue  border  shows  that  the  shooter  has  been  made  to  repeat  a 
level . 

A  yellow  border  means  that  the  shooter  has  been  sent  back  a  level. 

-  A  purple  border  indicates  either  that  the  shooter  is  aiming  off 
screen  and  pulling  the  trigger,  or  that  the  light  pen  is  not  reading 
properly. 
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when  an  instructor  sees  a  border  color  that  indicates  a  shooter  is  having 
difficulty,  the  level  the  shooter  is  on,  the  particular  target  within  the 
level  the  shooter  has  reached,  and  the  number  of  times  the  shooter  has  refired 
can  be  checked.  This  information  is  given  in  a  small  inset  in  the  top  left- 
hand  corner  of  the  screen.  The  on-screen  feedback  designed  for  the  shooter 
is,  of  course,  also  available  to  the  instructor  to  help  diagnose  the  problem 
the  shooter  is  having. 


Summary  of  the  BRM  Program 

A  brief  discussion  of  each  of  the  nine  levels  is  provided  below. 

Optional  features  that  may  be  used  with  some  or  all  of  these  levels  are 
described  separately,  as  is  the  initial  skills  test.  A  sunroary  level-by-level 
description  of  the  program  with  details  of  feedback  and  standards  is  given  in 
Appendix  A.  Program  features,  such  as  the  initial  skills  test,  are  described 
elsewhere. 

Levels  1  and  2  are  designed  to  develop  basic  skills.  The  only  difference 
between  the  two  levels  is  that  Level  1  is  fired  in  the  supported  position  and 
Level  2,  unsupported.  For  Levels  1  and  2,  detailed  shot-by-shot  feedback  is 
provided.  When  the  shooter  fires  at  the  target,  HIT  or  MISS  is  indicated  on 
screen  and  the  bullet  strike  is  shown  by  a  cross.  The  shooter  then  receives  a 
rating  (EXCELLENT,  GOOD,  AVERAGE,  BELOW  AVERAGE,  POOR)  on  three  diagnostic 
measures  (steady  position,  aiming,  trigger  squeeze)  for  the  shot  fired,  and 
the  location  of  the  shot  relative  to  center  of  mass  of  the  target  is  rated. 
Breath  control  is  rated  O.  K.  or  CHECK.  The  movements  of  the  front  sight  of 
the  rifle  are  replayed  for  a  period  of  up  to  6  seconds  before  trigger  closure. 
Then  the  frame  is  briefly  frozen  to  allow  comparison  of  the  final  front  sight 
position  (shown  in  white)  with  the  correct  front  sight  position  of  the  target 
(shown  in  black) .  Three  targets  are  presented  at  each  of  six  ranges  (50  to  300 
m) .  F-type  targets  are  presented  at  50  and  100  m,  E-type  targets  at  all  other 
ranges.  After  each  set  cf  three  shots,  a  screen  showing  the  three-round  shot 
group  on  a  single  target  is  provided.  At  the  end  of  the  18  shots,  a  summary 
of  the  mean  ratings  for  steady  position,  aiming,  trigger  squeeze,  breath 
control,  and  shot  location  is  presented.  As  shooters  go  through  each  level, 
internal  algorithms  determine  whether  they  should  refire  targets  at  a  given 
range,  and  at  the  end  whether  they  should  be  permitted  to  advance  to  the  next 
level. 

Levels  3  and  4  introduce  shooters  to  timed  targets  and  to  the  need  to 
adjust  their  aims  for  targets  at  different  ranges.  To  this  end,  targets  at 
different  ranges  are  presented  in  a  random  order.  Concurrently,  some  of  the 
feedback  is  withdrawn.  HIT  and  MISS  no  longer  appear  on  the  screen,  and 
diagnostic  information  and  replay  are  provided  only  when  the  shooter  fires 
badly  (rated  POOR  by  one  of  the  diagnostic  measures  or  BELOW  AVERAGE  on  shot 
location) .  The  main  difference  between  the  levels  is  that  Level  3  is  fired  in 
the  supported  position  and  Level  4,  unsupported.  There  is  a  slight  relaxation 
of  standards  for  250-  and  300-m  targets  when  they  are  fired  at  from  the 
unsupported  position.  Information  and  replay  are  provided  only  when  the 
shooter  fires  poorly  (rated  POOR  by  one  of  the  diagnostic  measures  or  BELOW 
AVERAGE  on  shot  location) . 
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Levels  S  and  6  provide  practice  for  record  fire.  The  number  of  targets 
at  each  range  and  their  exposure  times  are  the  same  as  those  used  in  record 
fire,  but  the  order  of  target  presentation  ia  randomized.  In  Level  5,  bullet 
strike  is  still  shown  by  a  cross  for  both  misses  and  hits;  in  Level  6,  it  is 
shown  for  misses  only.  At  these  levels,  diagnostic  feedback  and  replays  are 
no  longer  provided.  Only  two  measures  are  taken,  a  count  of  hits  and  misses, 
and  the  measure  of  shot  location.  The  rationale  for  this  is  that  good  shot 
location  is  largely  the  result  of  having  a  steady  position,  accurate  aiming, 
and  good  trigger  squeeze.  These  have  been  emphasized  for  four  levels,  and  the 
shooter  should  by  now  have  an  understanding  of  the  causes  of  poor  shots. 

Levels  5  and  €  are  both  divided  into  two  parts;  the  first  20  shots  are  fired 
from  the  supported  position  and  the  next  20,  unsupported.  Shooters  must  hit 
15  out  of  20  targets  on  the  first  part  before  proceeding  to  the  second  part, 
which  also  requires  15  out  of  20  hits;  thus  shooters  are  being  trained  to 
sharpshooter  standard  (30/40) .  At  the  end  of  each  level,  shooters  are  graded 
according  to  the  number  of  targets  they  hit  (Expert  36/40,  Sharpshooter  30/40, 
Marksman  23/40,  or  Unqualified) .  Because  training  is  to  sharpshooter 
standard,  shooters  are  graded  marksman  if  they  have  to  refire  one  of  the 
positions. 

Whereas  the  criterion  for  getting  through  the  two  parts  of  Levels  5  and  6 
is  the  number  of  hits  obtained,  the  mean  rating  of  shot  location  determines 
whether  the  shooter  progresses  to  the  next  level,  refires  the  same  level,  or 
regresses  one  level.  Thus  shooters  who  have  hit  the  30  out  of  40  targets 
needed  to  get  through  a  level  may  still  be  regressed  one  level  if  the  mean 
rating  of  shot  location,  over  all  40  targets,  is  POOR.  This  is  reasonable 
because  an  average  rating  of  POOR  indicates  that  they  are  just  nicking  the 
targets  rather  than  hitting  them  squarely. 

Level  7  (record  fire)  is  the  culmination  of  the  previous  six  levels  of 
training  and  is  an  on-screen  re-creation  of  actual  record  fire.  It  is 
identical  to  the  previous  level  (Level  6) ,  but  feedback  is  reduced  to  that 
which  a  shooter  would  receive  on  the  record  fire  range,  i.e.,  targets 
disappear  when  hit,  or  remain  until  their  exposure  time  has  elapsed  (indicated 
by  a  whistle)  and  then  disappear.  Bullet  strike  is  no  longer  shown,  and  no 
replays  or  diagnostic  scores  are  given.  Level  8  (rapid  record  fire)  takes  the 
shooter  beyond  the  requirements  for  record  fire.  It  is  identical  to  level  7 
in  structure,  but  the  exposure  times  of  targets  are  reduced  to  two-thirds  of 
the  time  allowed  for  record  fire  as  an  initial  step  in  the  transition  to  the 
engagement  of  moving  targets,  in  the  MACS  Advanced  Rifle  Marksmanship  (ARM) 
program  (under  development) . 

Level  9  (combat  fire)  is  an  attack/retreat  scenario.  Because  up  to  five 
individually  timed  targets  may  appear  on  the  screen  simultaneously,  and 
because  new  targets  may  appear  as  others  are  being  engaged,  it  teaches 
shooters  to  maintain  an  awareness  of  their  whole  fields  of  fire  even  as  they 
engage  particular  targets.  Individual  target  exposure  times  vary  but  are 
similar  to  or  less  than  those  allowed  for  record  fire.  The  level  is  divided 
into  two  parts,  the  first  40  shots  being  fired  from  a  supported  position  and 
the  second  40,  unsupported.  The  shooter  must  hit  23  out  of  40  targets  on  the 
first  part  before  proceeding  to  the  second  part,  which  also  requires  23  out  of 
40  hits.  If  shooters  do  not  meet  this  standard,  they  must  refire  the 
position.  At  the  end  of  each  position,  the  shooter  is  graded  Expert, 
Sharpshooter,  Marksman,  or  Unqualified.  Once  a  shooter  has  reached  this 
level,  the  only  measure  taken  is  hit  or  miss.  The  locations  of  the  shots 
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relative  to  center  of  mass  of  targets  are  no  longer  considered,  and  therefore 
there  is  no  question  of  the  shooters  being  sent  back  a  level  or  being  made  to 
repeat  the  whole  level. 


BRM  Program  Feedback 

The  instructional  design  of  the  BRM  program  incorporates  feedback  for 
each  shot  fired  in  Levels  1  and  2,  and  for  poor  shots  in  Levels  3  and  4. 
Ratings  are  provided  for  each  of  the  four  marksmanship  fundamentals:  steady 
position,  aiming,  breathing,  and  trigger  squeeze.  In  addition,  a  rating  of 
shot  location  is  provided.  The  first  four  measures  are  diagnostic,  and  assess 
the  shooter's  performance  up  to  the  moment  of  firing.  The  shot  location 
measure  assesses  bullet  strike  in  relation  to  center  of  mass. 

The  diagnostic  and  resultant  scores  are  obtained  as  follows.  The  light 
pen  reads  the  screen  constantly  and  maintains  a  running  memory  (stack)  of  127 
readings1.  Immediately  after  trigger  closure,  the  appropriate  readings  are 
extracted  from  the  stack  and  the  scores  are  calculated.  These  scores  are  then 
compared  with  criteria  values  to  obtain  the  verbal  ratings.  The  scores  for 
each  measure  are  described  below. 

The  shot  location  score  is  determined  by  the  radial  distance  between  the 
location  of  the  last  light  pen  reading  before  trigger  closure  and  the  center 
of  mass  of  the  target. 

The  aiming  score  is  determined  by  the  radial  distance  between  the  mean 
point  of  aim  (the  average  location  of  readings  45  through  7  (inclusive)  before 
trigger  closure)  and  the  center  of  mass  of  the  target.  Because  the  light  pen 
takes  60  readings  per  second,  the  aiming  score  is  taken  over  a  period  of  0.65 
seconds . 

The  steady  position  score  is  based  on  the  standard  deviation  of  light  pen 
readings  in  the  X  and  Y  axes  about  the  point  of  aim  and  is  also  taken  over 
readings  45  though  7  before  trigger  closure.  The  greater  the  degree  of 
wobble,  the  greater  the  standard  deviations,  and  the  lower  the  score  awarded. 

Since  breath  control  cannot  be  directly  measured,  the  ratings  assigned  to 
breath  control  are  derived  from  the  steady  position  score.  The  three  highest 
steady  position  scores  (EXCELLENT,  GOOD,  or  AVERAGE)  correspond  to  a  breath 
control  rating  of  O.K.  The  assumption  is  made  that  given  a  relatively  steady 
position,  breath  control  is  adequate.  If  the  position  is  relatively  unsteady, 
as  indicated  by  the  two  lowest  steady  position  scores  (BELOW  AVERAGE  and 
POOR) ,  the  breath  control  feedback  is  CHECK.  The  assumption  is  made  that  a 
poor  steady  position  may  be  due  to  poor  breath  control,  or  to  other  factors. 
Breath  control,  as  one  of  the  four  fundamentals  of  marksmanship,  is  emphasized 
in  the  feedback  given  to  the  soldier,  of  course,  the  instructor  observing  the 
soldier  in  the  act  of  shooting,  will  remain  alert  for  other  factors 
contributing  to  unsteadiness. 


'This  should  not  be  confused  with  the  replay  which  is  based  on  256 
readings  taken  with  a  sampling  rate  of  20  readings  per  second. 
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The  trigger  squeeze  score  is  based  on  the  range  of  readings  in  the  X  and 
Y  axes  about  the  point  of  aim,  and  is  taken  from  reading  6  before  trigger 
closure  to  reading  3  after  trigger  closure;  that  is,  over  0.1S  seconds.  It 
should  be  noted  that  the  trigger  squeeze  measure  is  not  concerned  with  how 
rapidly  or  steadily  the  trigger  is  squeezed,  but  with  whether  or  not  the  point 
of  aim  is  disturbed.  The  actual  algorithms  used  to  compute  all  diagnostic 
scores  are  in  Appendix  H. 


Aiming  and  Shot  Location 

The  MACS  BRM  program  contains  separate  standards  for  firing  in  the 
supported  and  unsupported  positions;  those  for  the  supported  position  are  more 
rigorous.  A  supported  position  is  a  "position  which  utilizes  something  other 
than  the  body  to  steady  the  weapon"  (USAIS,  1984) .  The  unsupported  position 
assumes  no  support  other  than  the  body  and  the  ground.  The  difference  is  that 
in  the  unsupported  position  the  weight  of  the  rifle  is  borne  by  the  forearm, 
wrist,  and  hand,  whereas  in  the  supported  position  some  object  bears  this 
weight.  Thus  shooters  in  a  standing  foxhole  position,  who  use  the  ground  to 
support  their  elbows,  are  defined  as  firing  unsupported.  If  the  rifle  is 
bedded  onto  sandbags,  then  firing  is  termed  supported. 

Supported  position.  Underlying  all  targets  that  appear  on  the  screen  is 
a  second,  unseen,  and  mathematically  defined  target  area  that  is  analogous  to 
a  bull's-eye.  The  rings  of  this  bull's-eye  are  defined  in  terms  of  radial 
distances  (in  pixels)  from  the  center  of  mass  of  each  target,  with  a 
correction  to  accommodate  the  rectangular  shape  of  pixels  (so  that  the  unseen 
bull's-eye  is  close  to  circular  on  the  screen),  and  adjusted  to  ensure  that 
the  areas  defined  as  EXCELLENT  and  GOOD  correspond  closely  to  2-cm  and  4-cm 
circles  on  an  E-type  silhouette  target  scaled  for  25  m. 

This  bull's-eye  is  of  constant  size,  irrespective  of  the  perceived  size 
of  targets.  Figure  1  shows  a  representation  of  the  unseen  bull's-eye  on  a 
section  of  screen.  The  small  rectangles  represent  the  pixels  on  the  screen. 
The  mathematically  defined  midpoint  of  the  target  area  is  shown  as  point  0,0. 
As  can  be  seen,  the  target  area  is  not  centered  perfectly  on  the  midpoint,  and 
even  with  a  redesign  of  the  shape  of  the  area  it  could  not  be  perfectly 
centered.  This  is  because  of  the  way  the  computer  stores  the  values  of  odd- 
numbered  pixels  in  the  X  axis,  and  is  fully  explained  in  Appendix  B. 

The  midpoint  of  the  mathematically  defined  target  area  is  always  set  at 
the  center  of  mass  of  each  target  seen  on  the  screen.  When  a  shot  is  fired  at 
the  target,  and  if  the  mean  point  is  computed  to  be  in  the  area  designated 
GOOD,  then  the  shooter  receives  a  rating  of  GOOD  for  aiming.  If  the  final 
light  pen  reading  before  trigger  closure  is  from  one  of  the  six  pixels  labeled 
EXCELLENT,  then  shot  location  is  rated  as  EXCELLENT.  The  mathematically 
defined  target  area  is  smaller  than  the  50-  and  100-m  targets,  but  larger  than 
those  at  150-m  and  beyond.  For  example,  the  300-m  target  is  only  5  pixels 
wide  and  9  pixels  high.  Therefore,  a  shot  can  miss  a  300-m  target  and  still 
hit  the  underlying  target  area  in  the  area  rated  as  average.  Because  it  is 
not  intuitively  obvious  to  the  user  how  a  miss  can  deserve  a  rating  of  AVERAGE 
in  shot  location,  the  shot  location  score  is  reported  on  the  screen  as  a  MISS. 
On-screen  ratings  of  POOR  through  EXCELLENT  are  given  only  when  the  target  has 
been  hit.  However,  the  computer  maintains  an  internal  record  of  the  actual 
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rating,  and  this  is  included  in  the  calculations  for  the  summary  feedback 
screens . 
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Shots  located  outside  the  indicated  areas  are  rated  POOR 


Figure  1.  A  representation  of  a  2.15  x  1.66  cm  section  of  screen,  showing  the 
target  area  and  the  ratings  that  are  awarded  for  mean  points  of  aim 
and  shots  located  at  different  distances  from  the  center  of  mass. 

The  point  0,0  would  be  at  the  center  of  mass  of  an  observed  target.’ 


The  areas  defined  in  the  underlying  bull's-eye  target  are  best  explained 
by  relating  them  to  circles  on  a  target  at  25  m.  The  area  defined  as 
EXCELLENT  comprises  6  pixels.  These  6  pixels  occupy  the  same  area  as  would  a 
circle  of  0.24  cm  diameter  on  the  screen.  A  circle  of  .24  cm  diameter 
subtends  an  angle  of  2.68  minutes  of  arc  when  viewed  at  3  m,  which  is  the  eye 
to  screen  distance  for  using  tie  MACS  system,  viewed  at  25  m,  a  circle  of 
1.95-cm  diameter  would  also  sub-end  an  angle  2.68  minutes  of  arc.  Thus  were  a 
shooter's  shot  location  to  be  rated  EXCELLENT  on  three  consecutive  shots,  he 
could  have  fired  the  equivalent  of  a  2-cm,  three-round  shot  group  at  25  m.  in 
a  similar  manner,  we  can  calculate  that  the  area  defined  as  GOOD  or  better, 
equates  to  a  circle  of  3. "73  cm  diameter  at  25  m,  AVERAGE  to  a  circle  of  7.30 
cm  diameter,  BELOW  AVERAGE  to  a  circle  of  10.25  cm  diameter,  and  POOR  is 
greater  than  10.25  cm. 


’Actual  pixels  are  longer  in  the  Y  axis  than  in  the  X  axis  (approximate 
ratio  is  1.33:1);  the  on-screen  target  area  is,  therefore,  more  circular  in 
shape  than  is  shown. 
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The  target  areas  were  derived  from  two  sources.  First,  ’,00  initial  entry 
trainees  fired  a  series  of  250-m  targets  on  MACS.  The  distances  between 
bullet  strike  and  the  center  of  mass  of  the  targets  were  recorded  in  numeric 
form  and  the  mean  and  standard  deviation  (SD)  of  the  numeric  scores  were 
calculated  (Hunt  et  al.,  1967).  Arbitrarily,  ahots  located  within  1  SD  either 
side  of  the  mean  were  termed  AVERAGE,  ahots  located  between  1  and  2  SDs  above 
the  mean  were  termed  GOOD,  and  those  over  2  SDs  above  the  mean  were  termed 
EXCELLENT.  Likewise,  shots  located  between  1  and  2  SDs  below  the  mean  were 
termed  BELOW  AVERAGE,  and  those  over  2  SDs  below  the  mean  were  termed  POOR. 
This  yielded  an  underlying  bull' s-eye  target  that  reflected  the  performance  of 
novice  shooters  but  was  overgenerous  as  a  training  standard.  The  area  rated 
GOOD  or  better,  for  example,  equated  to  a  circle  of  4.64  cm  diameter  at  25  m. 

The  second  source  used  was  Field  Manual  23-9  (Department  of  the  Army, 
1968),  which  contains  guidelines  for  categorizing  shot  groups  on  a  scaled  E- 
type  target  at  25  m  (fired  from  the  supported  position) .  These  state  that  a 

2- cm,  three-round  shot  group  "indicates  no  ...  shooter  error  is  involved, "  a 

3- cm,  three-round  shot  group  represents  "acceptable  firing  performance,"  a  4- 
cn,  three-round  shot  group  indicates  that  "shooter  error”  has  occurred,  and  a 
6-cm,  three-round  shot  group  indicates  obvious  error. 

Using  this  information,  a  constant  was  added  to  the  algorithms  derived 
from  the  performance  of  the  300  trainees  that  resulted  in  the  target  area 
shown  in  Figure  1.  The  areas  defined  in  Figure  1  as  EXCELLENT  and  GOOD  are 
the  closest  approximation  that  can  be  reached  on  the  screen  to  circles  of  2 
and  3  cm  diameter  at  25  m.  (For  reasons  discussed  in  Appendix  B,  odd-numbered 
pixels  in  the  X  axis  always  take  the  value  of  the  pixel  to  their  left.  This 
means  that  no  part  of  the  area  defined  as  GOOD  in  Figure  1  can  be  reduced 
without  that  part  being  eradicated.  One  cannot,  for  example,  make  the  areas 
left  and  right  of  EXCELLENT  just  1  pixel  wide.)  Scores  of  AVERAGE  and  below 
for  shot  location  indicate  that  shooter  error  has  occurred.  The  cnoice  of  the 
term  AVERAGE  to  describe  inadequate  shooting  was  made  with  a  view  to 
encouraging  the  shooter.  We  may  also  note  that  the  shooter  who  is  rated 
average  on  shot  location  has  in  tact  fired  a  little  better  than  what  was 
defined  as  average  from  the  performance  of  the  trainees.  This  is  because  the 
constant  that  was  added  to  limit  the  area  defined  as  GOOD,  also  reduced  the 
areas  designated  AVERAGE  and  BELOW  AVERAGE,  in  each  case  by  approximately  40%. 

It  has  been  inferred  that  if  shooters  could  consistently  score  EXCELLENT 
on  shot  location  with  MACS,  they  would  be  placing  their  shots  within  the 
equivalent  of  a  2-cm  circle  at  25  m.  In  fact,  such  consistency  would  exceed 
the  technical  limits  of  the  system.  This  is  because  the  light  pen  is  not  that 
precise.  A  light  pen  is  judged  to  be  correctly  calibrated  if  it  reads  to 
within  2  pixels  (+  or  -)  of  a  given  pixel.  In  fact,  a  well  grounded  and 
correctly  calibrated  light  pen  does  a  little  better  than  this,  in  that  it 
rarely  deviates  more  than  1  pixel  in  the  V  axis.  Because  of  these  deviations, 
a  shooter  who  consistently  fires  at  the  precise  center  of  mass  of  a  target 
will  occasionally  have  his  shot  location  rated  as  GOOD;  similarly,  GOOD  shots 
will  on  occasions  be  rated  EXCELLENT.  Over  an  entire  level  of  shooting,  these 
deviations  cancel  out,  so  that  summary  screens  are  more  accurate  than  are 
feedback  screens  on  individual  ahots. 

Unsupported  position.  The  criteria  for  allocating  ratings  of  shot 
location  and  aiming  in  unsupported  fire  are  less  rigorous  than  those  for 
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supported  fire.  This  is  because  firing  from  an  unsupported  position  is  more 
difficult  than  firing  supported.  The  target  areas  are  shown  in  Figure  2. 

As  may  be  seen,  the  area  rated  as  EXCELLENT  now  comprises  10  pixels  on 
the  screen.  Scaled  out  to  25  m,  this  may  be  equated  to  the  area  encompassed 
by  a  circle  of  2.52  cm  diameter.  The  area  rated  as  GOOD  or  better  has  been 
increased  to  42  pixels  and  equates  to  a  circle  of  5.16  cm  diameter  at  25  m. 

One  implication  of  the  larger  target  areas  is  that  deviations  in  light  pen 
readings  have  a  reduced  impact.  Therefore,  a  shooter  who  consistently  aims 
and  fires  at  the  exact  center  of  mass  of  a  target  should  receive  single  shot 
ratings  of  EXCELLENT  with  far  greater  reliability  than  occurs  in  the  supported 
position.  As  with  the  supported  position,  the  criteria  were  originally 
developed  from  the  measured  performance  of  the  300  trainees.  These  criteria 
were  then  modified  by  the  introduction  of  the  same  constant  that  was  used  to 
reduce  target  areas  in  the  supported  position;  thus  the  changes  made  are 
proportional  to  those  made  for  the  supported  position. 


Target  Area  (Unsupported  Position) 
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Shots  located  outside  the  indicated  areas  are  rated  POOR 


Figure  2.  A  representation  of  a  2.15  x  1.66  cm  section  of  screen,  showing  the 
target  areas  and  ratings  awarded  for  mean  points  of  aim  and  shots 
located  at  different  distances  from  the  center  of  mass  for 
unsupported  fire.4 


‘Actual  pixels  are  longer  in  the  Y  axis  than  in  the  X  axis  (approximate 
ratio  is  1.33:1);  therefore  on-screen  target  area  is  more  circular  in  shape 
than  is  shown. 
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Steady .Position  and  Trigger  .Squeeze 


Steady  position  ratings  for  each  shot  are  made  based  on  the  sum  of  the 
standard  deviations  of  light  pen  readings  in  the  X  and  ¥  axes  (corrected  for 
pixel  shape),  for  readings  45  through  7  before  trigger  closure.  The  sum  is 
then  compared  with  criteria  values.  The  criteria  values  were  originally 
established  using  data  collected  from  the  group  of  300  trainees  referred  to 
earlier.  Subsequently,  the  correction  factor  for  pixel  shape  was  added,  and 
this  had  the  effect  of  inflating  the  Y-axis  standard  deviations.  Therefore, 
the  degree  of  dispersion  (wobble)  permitted  for  a  shooter  to  earn  a  given 
rating  is  reduced.  These  tightened  standards  agree  with  the  recommendations 
of  subject  matter  experts  (SMEs) .  The  criteria  used  are  given  in  Table  1. 


Table  1. 

Criteria  Values  of  Standard  Deviation  (SD)  and  Range  (R)  for  Ratings  of  Steady 
Position  (SP)  and  Trigger  Squeeze  (TQ) 


Ratings 


Below 


Excellent 

Good 

Averaae 

Averaae 

Poor 

Supported 

Position 

SP 

TQ 

0<SD<«2.5 
0<  R<-2.5 

2.5<SD<-5.0 

2 . 5<  RO5.0 

5.0<SD<-8.0 
5.0<  R<-8.0 

8.0<SD<«10.5 

8 . 0<  R<-10.5 

10 . 5<SD 
10. 5<  R 

Unsupported 

Position 

SP 

TQ 

0<SDO4.0 
0<  R<-4.0 

4.0<SDO6.5 

4 . 0<  RO7.0 

6.5<SD<-  9.5 

6 . 5<  R<-11.0 

9.5<SD<-12.0 

9 . 5<  R<«14.5 

12 . 0<SD 
14. 5<  R 

Trigger  squeeze  is  measured  over  the  9/60  of  a  second  period  about  the 
moment  of  firing.  The  readings  used  are  from  the  sixth  reading  before  to  the 
third  after  trigger  closure.  Measurement  is  by  talcing  the  range  of  light  pen 
readings  in  the  X  axis  and  in  the  Y  axis  (with  the  Y  values  corrected  for 
pixel  shape) ,  adding  the  two  ranges  together,  and  comparing  the  resulting 
score  with  the  criteria  values  (see  Table  1) .  The  mathematical  procedures 
used  to  compute  the  steady  position  and  trigger  squeeze  measures  were  adopted 
because  of  the  need  to  minimize  computer  processing  time.  The  more  obvious 
method  of  computing  the  standard  deviation  and  range  from  the  radial  distances 
between  individual  light  pen  readings  and  the  mean  point  of  aim  was  found  to 
cause  unacceptable  delays  in  providing  feedback. 

In  the  supported  position,  the  decision  to  use  the  same  criteria  for 
trigger  squeeze  as  are  used  for  steady  position  means  that  a  shooter  who  is 
rated  GOOD  on  steady  position  must  hold  the  weapon  even  more  steadily  at  the 
moment  of  trigger  closure  if  he  is  also  to  obtain  a  GOOD  on  trigger  squeeze. 
This  is  because  the  whole  range  of  movement  in  the  9/60  of  a  second  period 
about  trigger  closure  must  be  equal  to  or  less  than  the  standard  deviation  of 
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movement  in  the  preceding  36/60  of  a  second.  These  more  rigorous  demands  mean 
that  soldiers  who  wish  to  improve  their  trigger  squeeze  are  forced  to 
concentrate  on  maintaining  the  lay  of  the  weapon  as  they  pull  the  trigger. 

In  the  unsupported  position,  the  criteria  for  trigger  squeeze  and  steady 
position  diverge,  the  differences  between  them  increasing  with  the  descending 
order  of  ratings.  This  is  done  to  make  some  allowance  for  the  poorer  novice 
shooter  whose  fundamental  problem  may  be  lack  of  strength  or  sufficient  muscle 
tone  to  bear  the  weight  of  the  rifle  for  extended  periods,  so  that  muscle 
fatigue  induces  tremor. 

It  should  be  emphasized  here  that  MACS  is  a  teaching  device,  designed  to 
facilitate  the  development  of  the  psychomotor  skills  necessary  to  fire  the 
weapon  accurately.  It  is  not  an  analytic  tool  designed  to  measure  precisely 
the  degree  to  which  shifts  in  the  lay  of  the  weapon  are  directly  attributable 
to  poor  trigger  control.  In  fact,  although  the  range  of  movement  that  is 
measured  at  trigger  squeeze  may  often  be  the  result  of  poor  trigger  control, 
it  may  equally  be  nothing  more  than  the  range  of  movement  that  was  present 
when  steady  position  was  measured.  In  other  words,  a  poor  trigger  squeeze 
score  can  result  from  an  unsteady  position.  This  being  acknowledged,  let  us 
also  recognize  that  a  soldier  who  concentrates  on  carefully  squeezing  the 
trigger  while  maintaining  the  point  of  aim,  is  learning  to  hold  the  weapon 
steadily,  which  is  the  object  of  the  exercise. 

The  method  of  measuring  trigger  squeeze,  and  the  criteria  used  to  award 
ratings,  were  derived  empirically .  Earlier  versions  of  the  BRM  program  took 
the  standard  deviation  of  the  movement,  but  SMEs  judged  this  measure  to  be  too 
insensitive.  To  increase  the  sensitivity,  the  range  was  substituted  for  the 
standard  deviation.  It  was  then  found  that  the  criteria  originally  derived 
from  the  performance  of  the  IETs  were  too  rigorous  (SMEs  could  detect  no 
differences  in  their  own  trigger  squeeze  between  shots  even  though  the  ratings 
suggested  great  differences  had  existed) .  Thus,  by  trial  and  error,  it  was 
found  that  the  steady  position  criteria  combined  with  the  range  score  gave  a 
degree  of  sensitivity  that  was  judged  appropriate  by  SMEs. 

A  detailed  explanation  of  the  derivation  of  the  steady  position  and 
aiming  ratings  may  be  found  in  Evans'  (1988)  review.  The  breath  control 
rating  is  derived  from  the  steady  position  measure.  Steady  position  ratings 
from  average  to  excellent  correspond  to  a  breath  control  rating  of  O.K.,  and 
the  below  average  and  poor  ratings  correspond  to  a  breath  control  rating  of 
CHECK. 


BRM  Program  Standards 

Progression  through  a  level  is  determined  by  a  simple  count  of  the  number 
of  targets  hit.  A  standard  is  set  for  each  level,  and  an  information  screen 
at  the  start  of  the  level  tells  the  ohooter  what  the  standard  is.  The 
standards  for  each  level  are  given  in  Appendix  A.  The  instructional  principle 
underlying  this  progression  is  that  of  overlearning.  "Overlearning  is 
additional  practice  after  performance  standards  have  been  met,"  and  its  value 
is  that  it  aids  retention  and  "tends  to  prevent  skill  deterioration  under 
stressful  conditions,  such  as  combat"  (Bryan  6  Regan,  1972) .  The  performance 
standard  used  to  pass  a  soldier  on  record  fire  is  that  of  hitting  23  out  of  40 
targets.  The  MACS  BRM  system  achieves  overlearning  by  demanding  a  higher 


13 


standard,  and  making  shooters  who  fail  to  meet  the  standard  refire  until  they 
succeed.  Thus  in  Levels  1  and  2,  the  standard  is  to  hit  2  targets  out  of  3  at 
each  range,  which  equates  to  27  hits  with  40  shots;  failure  to  meet  the 
standard  at  a  range  necessitates  an  immediate  refire  of  three  more  targets  at 
that  range.  Zn  Level  3,  the  standard  is  to  hit  3  out  of  4  targets  at  each 
range;  this  equates  to  30  hits  with  40  shots,  which  is  sharpshooter  standard. 
In  Levels  5  though  8,  the  standard  is  to  hit.  15  out  of  20  targets  in  each 
firing  position  (supported  and  unsupported) ,  which  again  equates  to  30  hits 
with  40  shots,  and  failure  to  meet  the  standard  requires  an  immediate  refire 
of  all  20  targets  in  that  position. 

Progression  from  Level  1  through  Level  4  is  determined  by  the  mean 
ratings  that  the  shooter  receives  at  the  end  of  each  level,  for  steady 
position,  aiming,  trigger  squeeze,  and  shot  location.  For  Level  5  through 
Level  9,  only  shot  location  is  considered. 

For  Levels  1  to  4,  a  shooter  must  achieve  a  mean  rating  of  AVERAGE  or 
better  on  all  four  measures  before  he  is  permitted  to  advance  to  the  next 
level .  A  score  of  BELOW  AVERAGE  or  POOR  on  any  one  measure  indicates  a 
failure  to  apply  at  least  one  of  the  fundamentals  of  marksmanship  correctly  at 
that  level,  and  therefore  the  shooter  is  made  to  repeat  the  level.  A  mean 
rating  of  POOR  on  two  measures  will  cause  the  shooter  to  be  sent  back  one 
level . 

A  shooter  who  has  progressed  to  Level  5  has  demonstrated  the  ability  to 
hold  the  rifle  steady,  aim  correctly,  squeeze  the  trigger  without  disturbing 
the  lay  of  the  weapon,  and,  not  merely  to  hit  a  sufficient  number  of  targets 
at  each  level,  but  to  hit  them  close  to  center  of  mass.  He  has  demonstrated 
this  ability  when  firing  in  the  supported  and  unsupported  positions,  and 
against  timed  targets  in  both  positions.  Therefore,  from  Level  5  onward  the 
three  individual  diagnostic  measures  are  dropped,  and  progress  is  determined 
solely  by  consideration  of  shot  location.  The  rationale  behind  this  is  that, 
to  achieve  an  adequate  score  on  shot  location,  the  shooter  must  be  applying 
the  fundamentals  of  marksmanship,  and  therefore  the  individual  skills  are 
still  implicitly  being  tested.  If,  at  the  end  of  a  level,  the  mean  shot 
location  is  BELOW  AVERAGE,  then  the  shooter  is  made  to  repeat  the  level.  If 
shot  location  is  POOR,  then  the  shooter  is  sent  back  one  level. 

One  implication  of  these  standards  is  that  shooters  may  hit  a  sufficient 
number  of  targets  to  get  through  a  level  but  will  only  pass  the  level  if  they 
have  on  average  also  hit  close  to  their  centers  of  mass.  In  this  sense,  the 
standards  demanded  for  record  fire  in  the  MACS  BRM  program  are  higher  than 
those  demanded  in  actual  record  fire,  where  a  hit  is  sufficient. 


BRM  Program  Skill  Tests 

When  new  shooters  begin  on  the  MACS  BRM  program,  they  are  automatically 
taken  into  hierarchically  structured  marksmanship  skill  tests  that  assess 
their  abilities  and  determine  appropriate  starting  levels.  The  process  is 
described  below,  and  is  shown  as  a  flow  chart  in  Appendix  C.  The  flow  chart 
for  programming  is  given  in  Appendix  D. 

As  a  first  step  in  the  testing  process,  the  shooter  is  told  to  fire  three 
rounds  from  the  supported  position  to  establish  an  initial  shot  group.  These 
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first  three  rounds  are  of  key  importance  to  the  system  because  they  are  used 
by  the  computer  to  perform  an  electronic  equivalent  of  zeroing  the  rifle.  The 
system  assumes  that  shooters  are  aiming  at  the  center  of  mass  of  each  target 
to  the  best  of  their  abilities.  It  then  computes  the  central  point  of  the 
three-round  shot  group,  measures  the  distance  between  this  central  point  and 
the  actual  center  of  the  target,  and  uses  this  distance  as  a  constant  offset 
value,  which  is  applied  to  all  subsequent  shots.  In  effect,  it  moves  the  shot 
group  onto  target  electronically  rather  than  by  mechanical  adjustment  of  the 
sights. 

• 

From  the  shooter's  viewpoint,  the  sequence  begins  with  information  that 
states  to  aim  at  the  center  of  mass  targets,  and  illustrates  what  is  meant  by 
center  of  mass.  The  shooter  fires  one  shot  at  each  of  three  scaled  250-ra,  E- 
type  targets.  As  soon  as  the  three  shots  have  been  fired,  a  feedback  screen 
is  shown  that  gives  ratings  of  steady  position,  aiming,  and  trigger  squeeze, 
an  assessment  of  the  quality  of  the  three-round  shot  group  (POOR  through 
EXCELLENT)  and  a  close  up  of  the  target  showing  the  three-round  shot  group. 

The  rating  of  shot  group  is  computed  in  the  same  way  as  that  of  shot  location. 
The  difference  in  name  arises  because,  for  the  first  three  shots,  the  radial 
distance  of  each  individual  shot  is  calculated  from  the  shot  group  center 
(which  is  not  yet  related  to  target  center  because  the  system  is  in  the 
process  of  zeroing) .  Whereas  subsequently,  radial  distances  are  directly 
related  to  the  center  of  mass  of  targets,  and  shot  location  relative  to  the 
target  can  be  reported. 

As  with  actual  rifle  fire,  the  tighter  the  shot  group  the  better  the 
zero.  The  system  is  able  to  compute  a  usable  zero  offset  from  a  very  poor 
initial  shot  group,  but  a  limit  is  set.  For  each  target,  a  rectangular  area 
is  mathematically  defined  within  which  all  three  shots  must  hit  for  the  shot 
group  to  be  accepted.  This  rectangular  area  would  equate  to  an  area  46  cm 
wide  and  24  cm  high  on  a  25-m  target.  If  the  shot  group  is  too  large  to  fit 
within  the  rectangle,  the  shooter  is  told  the  shot  group  is  invalid,  and  is 
invited  to  try  again.  If,  on  the  second  try,  the  group  is  still  invalid, 
either  the  shooter  is  making  some  gross  error  (such  as  looking  over  the  rear 
sight  aperture  rather  than  through  it)  or  the  light  pen  is  out  of  alignment 
with  the  bore  of  the  rifle  and  the  system  requires  adjustment.  This  latter 
possibility  is  indicated  on  screen  to  cue  the  instructor,  and  a  program  can  be 
accessed  from  the  menu  that  will  let  the  instructor  test  and,  if  necessary, 
reset  the  light  pen  alignment.  This  program  is  described  subsequently. 

Because  the  system  is  designed  to  teach  novicos,  it  will  accept  a  very 
large  shot  group  as  valid  (within  the  limits  detailed  above)  and  allow  the 
shooter  to  proceed.  The  reason  for  this  is  that  one  cannot  expect  a  novice  to 
shoot  a  tight  shot  group  until  the  fundamentals  of  marksmanship  have  been 
learned.  MACS  is  designed  to  teach  these  fundamentals,  and,  to  state  the 
obvious,  the  shooter  must  be  able  to  get  into  the  system  in  order  to  learn. 
However,  because  the  system  is  also  designed  to  be  used  by  experienced 
personnel  in  sustainment  training,  the  shooter  is  given  the  option  of  refiring 
the  first  three  shots  until  a  tight  three-round  shot  group  is  achieved.  On 
MACS,  a  tight  shot  group  is  defined  as  one  that  is  rated  as  GOOD  and  is 
equivalent  to  placing  the  three  shots  in  a  3.7  cm  circle  at  25  m.  Although 
any  valid  shot  group  will  zero  the  system  adequately  for  s  novice,  the 
experienced  shooter  may  wish  to  continue  to  refire  until  a  tight  group  is 
achieved.  This  is  because  the  three-round  shot  group  that  the  shooter  finally 
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accepts  is  the  one  used  to  zero  the  system  electronically  for  all  future 
shots . 

The  shot  group  the  shooter  accepts  is  used  also  as  an  initial  determinant 
of  skill.  If,  for  the  measures  of  steady  position,  aiming,  trigger  squeeze, 
and  shot  group,  shooters  obtain  a  minimum  of  two  ratings  of  EXCELLENT  and  two 
ratings  of  GOOD  (irrespective  of  order) ,  they  are  judged  to  be  competent  in 
firing  at  non-timed  targets  in  the  supported  position.  Those  who  do  not  meet 
this  standard  are  routed  immediately  to  Level  1  (Introduction  to  Supported 
Position) .  For  shooters  who  meet  the  standard,  a  second  three-round  test  is 
given,  using  the  same  targets  but  engaged  from  the  unsupported  position.  The 
same  criteria  are  applied.  Those  who  do  not  meet  the  standard  are  directly 
routed  to  Level  2  (Introduction  to  Unsupported  Fire) .  Shooters  who  pass  the 
second  test  take  a  third  test  that  comprises  three  timed  targets  at  different 
ranges  (100,  250,  and  300  m) ,  the  targets  to  be  engaged  from  the  supported 
position.  Failure  to  meet  the  standard  on  the  third  test  takes  a  shooter  to 
Level  3  (Timed  Targets  in  the  Supported  Position) .  Shooters  who  meet  the 
standard  are  given  a  fourth  and  final  test,  which  is  identical  to  the  third, 
except  that  it  is  fired  from  the  unsupported  position.  Failure  to  meet  the 
standard  in  this  test  routes  the  shooter  to  Level  4  (Timed  Targets  in  the 
Unsupported  Position) ,  and  success  takes  the  shooter  to  Level  5  (Practice 
Record  Fire) . 

The  four  tests  are  hierarchically  structured  to  select  the  very  able 
shooters.  The  poor  shooter  and  the  novice  never  know  that  they  have  been 
tested  or  that  the  tests  exist;  they  simply  establish  a  shot  group  and  go 
straight  to  Level  1.  The  standards  demanded  in  the  tests  are  deliberately  set 
at  a  high  level,  so  that  only  those  who  have  no  need  of  additional  training  or 
practice  in  the  fundamentals  of  marksmanship  can  move  straight  to  practice 
record  fire.  Although  the  system  will  automatically  direct  a  shooter  to  a 
starting  level  that  the  system's  internal  logic  deems  appropriate,  the 
instructor  can  override  the  system.  If  the  instructor  feels  that  a  level  is 
inappropriate,  the  menu  can  be  accessed,  and  the  shooter  moved  to  a  different 
level . 


BRM  Program  Menu  and  Options 

The  program  contains  a  menu  that  allows  a  number  of  additional  programs 
and  special  features  to  be  called  into  use.  These  are  described  below. 


Light  Pen  Mount  Alignment  Program 

The  light  pen  is  mounted  to  the  barrel  of  the  M16  demilitarized  rifle  by 
a  mounting  bracket.  This  bracket  holds  the  light  pen  securely  and  in 
alignment  with  the  bore  of  the  weapon.  Accident  or  rough  handling  can  disturb 
the  alignment,  and  therefore  a  program  is  provided  to  allow  the  instructor  to 
check  the  alignment  and  realign  if  necessary.  The  alignment  program  provides 
an  on-acreen  aiming  point  and  a  target  area.  The  point  at  which  the  light  pen 
is  reading  is  shown  by  a  black  dot  on  the  screen.  If  the  black  dot  is  in  the 
target  area  when  the  sights  are  placed  on  the  aiming  point,  and  if  the  black 
dot  tracks  smoothly  across  the  screen  as  the  weapon  is  moved,  then  the  light 
pen  is  correctly  aligned.  If  the  light  pen  is  incorrectly  aligned  then  the 
mounting  screws  must  be  loosened  and  the  light  pen  position  adjusted.  The 
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procedures  for  this  may  be  found  in  the  Trainer’s  Guide  (Purvis  t  Wiley, 
1989)  . 


Sight  Alignment,  Aiming,  and  Grouping  Program 

The  program  is  designed  to  teach  three  basic  concepts;  these  are  the 
correct  alignment  of  the  front  and  rear  sights/  the  correct  placement  of  the 
front  sight  post  on  the  target/  and  the  meaning  of  a  tight  shot  group. 
Programming  flow  charts  for  this  program  may  be  found  in  Appendix  £.  The 
program  is  divided  into  four  parts. 

The  first  part  provides  a  demonstration  of  the  correct  alignment  of 
front  and  rear  sights,  which  is  followed  by  a  self-paced  tost  in  which  a 
series  of  sight  alignments  are  shown  on  the  screen  and  the  soldier  must 
determine  whether  alignment  is  correct.  The  soldier  responds  by  pulling  the 
trigger  on  the  MACS  rifle  when  the  appropriate  response  is  highlighted  on  the 
screen.  Feedback  is  given  after  each  decision.  The  feedback  acknowledges 
correct  responses  and,  when  responses  are  incorrect,  tells  the  soldier  why  the 
answer  was  wrong.  Soldiers  must  give  three  consecutive  correct  answers  to 
move  on  to  the  next  part  of  the  program. 

The  second  part  of  the  program  provides  a  demonstration  of  correctly 
aligned  sights  moving  onto  a  scaled  250-m,  E-type  target.  The  demonstration 
is  supported  by  on-screen  text  and  is  iterative,  continuing  until  the  soldier 
understands  and  is  ready  to  proceed.  The  demonstration  is  followed  by  a  self- 
paced  test,  which  is  structured  exactly  like  that  for  sight  alignment. 

The  third  part  is  a  test,  in  which  a  series  of  randomly  generated  sight 
pictures  are  shown.  One  in  three  of  these  sight  pictures  is  correct;  the 
remainder  have  poor  sight  alignment  and/or  incorrect  placement  of  the  front 
sight  post  on  the  target.  As  with  the  previous  two  tests,  the  soldier 
indicates  correct  or  incorrect  using  the  trigger  as  a  response  button. 

Feedback  is  given  after  each  decision,  and  the  shooter  must  give  three 
consecutive  correct  answers  to  conplete  the  test. 

Although  the  primary  purpose  of  the  program  is  to  teach  concepts,  because 
precision  of  sight  placement  is  required  in  marksmanship,  fine  judgments  are 
demanded  of  the  soldier  in  the  tests.  The  soldier  is  required  to  detect 
errors  in  sight  placement  that  range  between  1  and  3  pixels  in  the  X  axis  and 
1  and  2  pixels  in  the  Y  axis.  At  3  m,  the  height  of  a  pixel  (Y  axis)  subtends 
an  angle  at  the  eye  of  1.1  minutes  of  arc,  and  the  width  of  a  pixel  (X  axis) 
subtends  0.84  minutes  of  arc.  Of  the  two,  the  Y  axis  displacement  is  the  more 
difficult  to  resolve  because,  on  occasions,  the  soldier  must  hold  an  image  of 
the  target  in  memory  when  making  a  judgment.  This  is  because  the  image  of  the 
front  sight  post  may  obscure  the  lower  part  of  the  target.  In  the  X  axis,  the 
soldier  must  discern  the  degree  of  lateral  displacement  and  can  use  the  sides 
of  the  target  and  the  sides  of  the  sight  as  referents.  The  0.84  minutes  of 
arc  minimum  displacement  is  well  within  human  capabilities;  indeed,  Berry, 
Biggs,  t  Duncan  (1950)  have  shown  that  discriminations  of  lateral  displacement 
(vernier  acuity)  as  small  as  6  seconds  of  arc  are  possible  even  with  low 
background  luminance  levels. 

The  fourth  part  of  the  program  is  designed  to  help  the  novice  understand 
the  difference  between  a  tight  shot  group  and  a  large  shot  group.  It  does 
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this  by  showing  demonstrations  of  three-round  shot  groups  hitting  the  image  of 
a  25-m  zeroing  target.  The  referent  taught  is  the  4-cm  circle  in  the  center 
of  the  target.  Once  the  soldier  has  seen  the  demonstration,  a  self-paced  test 
is  given  in  which  the  soldier  is  asked  to  judge  whether  or  not  a  series  of 
shot  groups  are  tight,  feedback  is  given  after  each  decision.  The  feedback 
either  acknowledges  a  correct  response  or,  in  the  case  of  an  incorrect 
response,  demonstrates  whether  the  three-round  shot  group  would  fit  inside  the 
4-cm  circle.  The  soldier  must  answer  three  consecutive  questions  correctly  to 
complete  the  program. 

The  MACS  BRM  program  has  a  number  of  optional  features  that  an  instructor 
can  elect  to  use  with  some  levels  of  the  program.  These  are  given  on  a  menu 
that  the  instructor  can  access  at  the  keyboard  and  are  briefly  described 
below. 

Wind  Speed 

The  program  allows  an  instructor  to  set  wind  speed  at  0,  10,  or  20  mph, 
and  wind  direction  relative  to  the  firing  range  (across  the  range,  oblique  to 
the  range,  or  in  line  with  the  range) .  This  option  may  be  selected  for  any 
and  all  levels  of  fire.  To  help  the  instructor  teach  soldiers  the  correct 
sight  placement,  a  teaching  screen  appears  at  the  start  of  the  shooting 
sequence,  which  shows  the  correct  sight  placement  on  targets  at  50,  150,  and 
300  m  for  the  direction  and  speed  of  wind  selected. 

Call  Your  Shot 

This  option  applies  only  to  Levels  1  and  2.  for  each  shot,  it  builds  in 
a  5-3  time  delay  (with  on-screen  counter)  before  feedback  and  bullet  strike 
are  shown.  This  allows  the  shooter  time  to  announce  where  they  believe  the 
bullet  strike  will  be. 

Targets  at  250  M 

This  option  applies  to  Level  1  only.  It  allows  the  instructor  to  set  all 
18  targets  to  250  m,  so  that  the  shooter  can  practice  at  a  single  range.  It 
is  intended  for  use  with  novice  shooters  who  are  experiencing  difficulty  at 
Level  1,  and  it  parallels  the  ability  instructors  have  in  live  fire  of  moving 
a  novice  to  a  25-m  range  for  practice.  Th“  25-m  target  is  a  scaled-down,  250- 
m  target,  as  is  the  target  on  the  MACS  screen,  so  that  the  two  equate. 


Discussion 

The  development  of  the  MACS  BRM  program  was  evolutionary  rather  than 
entirely  planned.  It  began  as  a  diagnostic  tool  to  help  instructors  determine 
what  a  shooter  was  doing  wrong.  This  early  program  resembled  Level  1  of  the 
present  BRM  program.  Subsequently,  the  diagnostic  program  was  transformed 
into  a  teaching  program.  The  transformation  process  was  gradual,  and  as  a 
result  the  system  received  considerable  testing  during  development.  In  the 
process,  less  advanced  ve  ions  than  that  described  in  this  paper  were 
demonstrated  to  be  effective  in  improving  rifle  marksmanship  (Evans,  1988) . 

The  transformation  from  diagnostic  tool  to  training  device  obviously 
necessitated  many  changes.  For  example,  a  new  measure,  aiming,  was  introduced 
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because  aiming  is  one  of  the  four  fundamentals  of  marksmanship  taught  by  the 
Army,  New  levels  were  added  to  take  the  soldier  through  to  record  fire 
standard,  and  the  standards  themselves  were  tightened  so  that  they  paralleled 
those  demanded  of  soldiers  on  actual  ranges.  Because  these  changes  happened 
sequentially  rather  than  as  a  planned  single  modification,  the  reader  may  have 
formulated  some  questions  on  developmental  methodology.  For  example,  it  is 
reasonable  to  ask  why,  given  the  new  training  role,  the  criteria  for  rating 
performance  are  still  based  on  a  modified  version  of  trainees  performance,  and 
why  no  new  data  from  trained  soldiers  have  been  collected.  The  answer  is 
twofold.  First,  time  constraints  did  not  permit  additional  experimentation. 
Second,  and  from  a  purely  practical  viewpoint,  the  present  system  works,  and 
there  is  no  reason  to  believe  that  the  quality  of  teaching  the  system  provides 
will  be  significantly  improved  if  additional  research  is  done. 


Summary  and  Recommendations 

As  has  been  noted,  earlier  versions  of  the  MACS  BRM  program  have  been 
demonstrated  to  improve  soldier  performance  in  marksmanship.  The  present 
system  is  an  enhanced  version  that  reduces  the  load  on  the  instructor,  has 
greater  flexibility  in  that  the  experienced  user  can  now  establish  a  shot 
group  before  starting,  and  is  more  in  accord  with  Army  standards  for 
marksmanship.  However,  it  has  not  been  formally  validated.  Indications  from 
both  in-nouse  SMEs  and  U.S.  Army  Marksmanship  Unit  personnel  (n-6)  are  that 
the  feedback  the  system  provides  is  both  realistic  and  appropriate.  From  this 
we  may  conclude  that  the  current  version  has  face  validity.  If  there  is  a 
need  to  prove  to  the  Army  that  soldiers  trained,  in  part  on  MACS  BRM  will 
learn  more  rapidly,  or  if  there  is  a  need  to  demonstrate  the  degree  of 
improvement  that  may  be  gained  by  using  the  system,  then  it  is  recommended 
that  a  new  system  validation  be  undertaken. 
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APPENDIX  A 


Summary  Description  of  Levels 


Level  1.  introduction  to  Supported  Position 
Summary  description 

-  JJo  time  limit 

-  Supported  position 

-  Single-target  presentations 

-  Eighteen  targets  presented, 

-  Targets  engaged  in  order  of 

Feedback 

-  Words  HIT  or  MISS  appear  on 

-  Cross  appears  on  screen  to  show  bullet  strike 

-  Diagnostics  and  replay  are  shown  after  each  shot 

-  Screen  shows  three  rounds  on  single  target  after  each  group  of  three 
shots 

-  Suixmary  screen  at  end  of  level  shows  average  diagnostic  scores 
Standards 

-  Two  hits  out  of  three  shots  at  each  range  within  level.  Failure  to  meet 
standard  at  a  given  range  results  in  immediate  refire  of  3  more  targets 
at  that  range.  Refires  continue  until  standard  is  met 

-  Refire  of  level  is  required  if  any  score  on  summary  screen  is  BELOW 
AVERAGE  or  POOR 


three  targets  at  each  of  six  ranges 
range:  50,  100,  150,  200,  250,  and  300  m 


screen  for  each  shot 


Level  2.  Introduction  to  Unsupported  Position 
Identical  to  Level  1,  with  these  exceptions: 

-  It  is  fired  ir.  the  unsupported  position 

-  Shooter  is  regressed  a  level  if  any  2  scores  on  summary  screen  are  POOR 


Summary  description 


-  Time  limit  approximately  one-and-orie-third  times  that  for  record  fire 

-  Supported  position 

-  Single  target  presentations 

-  Twenty-four  targets  in  random  sequence  (four  presentations  per  range) 
Feedback 

-  Cross  appears  on  screen  to  show  bullet  strike 

-  For  a  hit,  target  disappears  iamediatoly  after  bullet  strike  is  shown 

-  Diagnostics  and  replay  are  shown  after  bad  shots  only.  Criteria  for  bad 
shot  is  a  POOR  for  any  score  or  a  BELOW  AVERAGE  for  shot  location 

-  Audible  tone  when  target  exposure  time  limit  has  expired 

-  Summary  screen  at  end  of  level  showing  average  diagnostic  scores 

-  Sunsnary  screens  showing  four  shots  at  each  range  on  single  targets 

Standards 

-  Three  hits  out  of  four  shots  at  each  range  within  level.  For  each  range 
at  which  this  standard  is  not  met,  a  refire  of  four  targets  at  each  of 
those  ranges  is  required.  Refires  continue  until  standard  is  met 

-  Refire  of  level  is  required  if  any  score  on  summary  screen  is  BELOW 
AVERAGE  or  POOR 

-  Shooter  is  regressed  a  level  if  any  two  scores  on  summary  screen  are 
POOR 


Level  4.  Timed  Targets  in  Unsupported  Position 
Identical  to  Level  3,  with  these  exceptions: 


It  is  fired  in  the  unsupported  position 

Standard  is  relaxed.  Three  hits  out  of  four  shots  at  50,  100,  150,  and 
200  m,  and  two  hits  out  of  four  shots  at  250  m  and  300  m 


ori 


Summary  description 

-  Time  limit  same  as  for  record  fire 

-  Supported  and  unsupported  positions 

-  Single  or  double  presentations 

-  Forty  targets  in  random  sequence,  20  fired  supported  and  20  unsupported. 

Feedback 

-  Cross  appears  on  screen  to  show  bullet  strike  (hit  and  miss) 

-  For  a  hit,  target  disappears  after  bullet  strike  is  shown 

-  Audible  tone  when  target  exposure  time  limit  has  expired 

-  OUT  OF  AMMO  appears  on  screen  when  20  shots  have  been  fired 

>  Interim  summary  of  shot  location  (hits,  misses,  and  no  fires)  given  at 
end  of  each  position  and  final  summary  at  end  of  course  of  fire 

-  Summary  screens  showing  shots  at  each  range  on  a  single  target  at  end  of 
supported  position  and  at  end  of  unsupported  position 

-  Performance  graded  as  Expert,  Sharpshooter,  Marksman,  Unqualified 

Standards 

-  Fifteen  hits  out  of  20  shots  in  both  supported  and  unsupported 
positions.  Refire  of  position  if  standard  not  met 

-  On  double  target  exposures,  a  penalty  is  recorded  if  further  target  is 
engaged  first 

-  Regress  one  level  for  average  shot  location  score  of  POOR.  Stay  at  same 
level  for  mean  shot  location  score  of  BELOW  AVERAGE.  Otherwise  pass 


Level  6.  Practice  Record  Fire  II 

Identical  to  level  5,  with  the  exception  that  the  cross  showing  bullet  strike 
appears  only  after  misses.  Target  disappears  when  hit. 
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Level  7.  Record  Fire 
Summary  description 

-  Time  limit  same  as  for  record  fire 

-  Supported  and  unsupported  positions 

-  Single  or  double  presentations 

-  Forty  targets  in  random  sequence,  20  fired  supported  and  20  unsupported 
Feedback 

-  Targets  disappear  when  hit 

-  OUT  OF  AMMO  appears  on  screen  when  20  shots  have  been  fired 

-  Audible  tone  when  target  exposure  time  limit  has  expired 

-  Interim  seminary  of  shot  location  (hits,  misses,  and  no  fires)  given  at 
end  of  each  position  and  final  summary  at  end  of  course  of  fire 

-  Summary  screens  showing  shots  at  each  range  on  a  single  target  at  end  of 
supported  position  and  at  end  of  unsupported  position 

-  Performance  graded  as  Expert,  Sharpshooter,  Marksman,  Unqualified 

-  Cross  appears  on  screens  to  show  bullet  strike  for  misses,  whenever 
soldier  has  to  refire  level 

Standards 

-  Fifteen  hits  out  of  20  shots  in  both  supported  and  unsupported 
positions.  Refire  of  position  if  standard  not  met 

-  On  double  target  exposures,  a  penalty  is  recorded  if  further  target  is 
engaged  first 

-  Regress  one  level  for  average  shot  location  score  of  POOR.  Stay  at  same 
level  for  mean  shot  location  score  of  BELOW  AVERAGE.  Otherwise  pass 


Level  8.  Rapid  Record  Fire  I 


Identical  with  Level  7,  except  that  the  exposure  times  of  targets  are  two- 
thirds  of  those  used  in  record  fire. 


Summary  description 


-  Time  limits  variable/  dependent  on  number  of  targets  presented 

-  Supported  and  unsupported  positions 

-  Single,  double,  and  multiple  presentations 

-  Eighty  targets  in  two  attack/retreat  scenarios  each  of  40  targets. 

First  scenario  is  fired  supported  and  second  unsupported 

Feedback 

-  Targets  disappear  when  hit 

-  OUT  OF  AMMO  appears  on  screen  when  40  shots  have  been  fired 

-  Summary  of  shot  location  (hits,  misses,  and  no  fires)  given  at  end  of 
supported  position  and  at  end  of  unsupported  position 

-  Summary  screens  showing  shots  at  each  range  on  a  single  target  at  end  of 
supported  position  and  at  end  of  unsupported  position 

-  Performance  graded  as  Expert,  Sharpshooter,  Marksman,  Unqualified 

-  Cross  appears  on  screens  to  show  bullet  strike  for  misses,  whenever 
soldier  has  to  refire  level 


Standard 

-  Twenty-three  hits  out  of  40  shots  in  both  supported  and  unsupported 
positions.  Refire  of  position  if  standard  not  met 
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Criteria  Target  Areas  for  Aiming  and  Shot  Location 

The  target  area  that  is  mathematically  defined  for  the  aiming  and  shot 
location  scores  differs  from  the  effective  target  area  that  was  shown  in  the 
main  text.  For  comparison  purposes,  both  are  shown  in  Figure  B-l.  The  reason 
that  the  effective  target  area  is  different  is  as  follows.  The  computer 
stores  the  X  and  Y  coordinates  of  a  pixel  location  each  as  a  single  byte.  One 
byte  can  hold  the  record  of  any  value  between  0  and  255.  The  screen  is  200 
pixels*  high,  and  therefore  each  pixel  location  in  the  X  axis  can  have  a 
separate  1  byte  address.  However,  this  is  not  possible  in  the  X  axis  because 
the  screen  is  320  pixels  wide.  Because  only  one  byte  is  allocated  to  describe 
the  X  axis  location,  the  computer  divides  the  number  of  the  pixel  by  two 
before  storing  it.  Thus,  pixel  number  300  is  stored  as  pixel  number  150,  and 
when  the  pixel  number  is  retrieved  from  memory,  its  stored  value  is  doubled  to 
recreate  its  original  value.  Unfortunately,  when  a  number  is  halved  and 
stored,  it  is  stored  as  an  integer  so  that  any  fractional  values  are  lost. 
Thus,  pixel  number  301  is  not  stored  as  150.5,  but  as  150;  when  it  is 
retrieved,  it  is  doubled  and  becomes  300.  Therefore,  if  the  light  pen  is 
focused  on  an  odd-numbered  pixel  in  the  X  axis,  it  is  reported  by  the  computer 
as  the  value  of  the  pixel  immediately  to  its  left. 

This  system  peculiarity  has  two  implications:  First,  targets  must  be  (and 
are)  located  with  their  centers  of  mass  on  even-numbered  pixels  in  the  X  axis 
(were  it  otherwise,  a  score  of  excellent  would  be  impossible  to  obtain) . 
Second,  the  target  areas  are  distorted  compared  with  those  that  were 
mathematically  defined.  In  defining  target  areas  that  scale  to  actual  areas 
on  the  25-m  zeroing  target,  this  distortion  was  taken  into  account. 
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Mathematically  Defined  Target  Area  {Supported  Position) 
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Shots  located  outside  the  indicated  areas  are  rated  POOR 


Figure  B-l.  Comparison  between  mathematically  defined  target  area,  and  the 
effective  target  area.' 


*The  effective  target  area  is  adjusted  for  the  fact  that  the  computer 
reports  readings  from  an  odd-numbered  pixel  in  the  X  axis  as  having  the  same 
value  as  the  pixel  immediately  to  its  left.  Actual  pixels  are  longer  in  the  Y 
axis  than  in  the  X  axis  (approximate  ratio  is  1.33:1);  therefore,  the  on¬ 
screen  target  area  is  more  circular  in  shape  than  is  shown. 
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APPENDIX  C 


Users'  Flow  Chart  for  the  Marksmanship  Skill  Testa 


In*:  -!  <--tton: 
FU*  3-round 
•hot  orou 


Instruction: 
Ttmod  flr* 


APPENDIX  D 


Programming  Flow  Chart  for  the  BRM  Program 
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APPENDIX  E 


Programming  Flow  Chart  for  the  Sight  Alignment  and  Grouping  Program 
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BRM  Program  Documentation 


Basic  Hierarchy  Chart. 

Lines  10-310:  Main  program  driver. 

Lines  1000-2890:  Subroutines  for  firing  levels. 

Lines  1000-1640:  Establish  shot  group/extended  skills  tests  procedure. 

Lines  1650-1930:  Firing  levels  1  and  2. 

Lines  1940-2300:  Firing  levels  3  and  4. 

Lines  2310-2730:  Firing  levels  5-8. 

Lines  2740-2690:  Firing  level  9. 

Lines  3000-S860:  Supporting  subroutines . 

Lines  6000-6140:  Data. 

Lines  10-310:  Main  program  driver. 

Lines  10-70:  Initialize  variables. 

Lines  80-120:  Lines  80-310  form  the  main  loop  of  the  program.  At  this  time, 
the  BRM  cartridge  opening  screen  is  being  shown  alternatively  with  the 
high  scorer  screen  (after  someone  has  fired) .  These  lines  poll  the 
keyboard  for  the  spacebar,  the  break  key,  or  the  "LP"  or  M3G"  key 
combinations  which  enter  the  9-level  scenario,  go  to  the  menu,  or  run 
the  light  pen  mount  adjustment,  or  sighting  and  grouping  programs 
respectively. 

Lines  130-220:  Line  130  transfers  control  to  line  230  if  variables  have  been 
initialized  and  the  option  of  record  keeping  has  been  established. 
Otherwise,  these  lines  welcome  the  user  to  MACS,  and  initialize  array 
variables . 

Lines  230-310:  These  lines  send  the  firer  first  to  the  zeroing  routine,  and 
then  to  the  appropriate  level  of  fire.  Upon  completion  of  the 
exercises,  the  congratulations  screen  is  displayed  and  control  returns 
to  the  top  of  the  program  at  line  80. 

Lines  1000-1640:  Establish  shot  group/extended  skills  tests  procedure. 

Lines  1000-1010:  If  the  record  keeping  option  has  been  specified,  the  user 
must  now  input  the  firer' s  identification  number. 

Lines  1020-1120:  These  lines  show  the  instructional  zeroing  screen  and  check 
for  the  trigger  to  be  pulled,  or  the  key  to  be  pressed.  If  the 
trigger  is  pulled,  the  variable  TN  is  set  to  0  and  the  zero  targets  are 
shown  with  a  random  horizontal  (X)  value.  If  the  "6"  key  is  pressed, 

TN  is  set  to  -1  and  the  zero  targets  are  displayed  with  the  same  X 
value  (165) .  The  machine  language  routine  which  draws  expanded  targets 
from  the  sprite  data  (referenced  by  the  BASIC  variable  DT)  is  called  to 
draw  the  150-meter  target  (expanded  to  50  meters) .  Line  1050  calls 
this  routine  and  shows  a  center  dot  representing  center  of  mass  of  the 
target. 

Lines  1130-1150:  These  lines  initialize  the  variables  needed  by  the 

interrupt  routines  and  copy  the  zero  target  data  from  its  permanent 
location  on  the  EPROM  to  its  useful  place  in  RAM.  This  routine  is 
referenced  by  the  BASIC  variable  DA. 

Lines  1160-1200:  If  the  shot  number  is  0  or  3,  i.e.,  if  the  user  is  about  to 
fire  the  first  shot  of  either  firing  position,  the  accumulator  for  the 
average  diagnostic  scores  (for  the  summary)  is  set  to  0  and  the  firer 
is  instructed  to  assume  the  proper  position.  The  high  resolution 
graphic  screen  must  also  be  displayed  at  this  point. 
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Lines  1210-1220:  The  appropriate  X  coordinate  (either  165  or  random,  as 
determined  by  the  value  of  TN)  is  put  into  the  target  data. 

Line  1230:  The  target  control  and  lightpen  reading  routine  is  called.  If 
the  routine  returns  to  BASIC  as  a  result  of  the  break  key's  being 
pressed,  control  returns  to  line  1210  and  the  firer  engages  another 
target  without  advancing  the  shot  counter. 

Line  1240:  Compute  the  diagnostic  scores. 

Lines  1250-1270;  if  the  shot  count  is  less  than  3,  the  lightpen  offset  x  and 
y  values  (OX  and  OY)  are  incremented.  Each  (X,Y)  coordinate  for  bullet 
strike  is  examined  to  make  sure  it  is  within  a  range  left  and  right  of 
the  target  and  immediately  below.  This  range  is  the  same  as  in  the 
calibration  program,  assuming  the  calibration  cross  is  the  center  of 
mass  of  the  250  meter  target  now  being  fired  at.  If  a  shot  is 
determined  to  be  out  of  range,  the  flag  BC  is  set  to  1. 

Lines  1280:  The  accumulators  for  the  average  steady  position  and  trigger 

squeeze  scores  are  adjusted.  Only  these  two  scores  can  be  computed  now 
because  no  lightpen  offset  has  been  determined. 

Lines  1290-1440:  These  lines  are  executed  only  if  the  shot  count  is  at  2 

(after  the  third  shot  has  been  fired) .  If  a  shot  was  determined  to  be 
out  of  range,  the  message  "INVALID  SHOT  GROUP,  TRY  AGAIN"  is  displayed. 
If  this  is  not  the  first  invalid  shot  group,  the  additional  prompt 
"CHECK  CALIBRATION  (SEE  MANUAL)”  is  shown.  The  firer  must  then  repeat 
the  calibration  process  at  line  1130  or  press  the  stop  key  and  enter 
the  calibration  program.  If  all  shots  were  in  range,  the  lightpen 
offsets  can  now  be  determined  since  the  zeroing  process  has  been 
completed,  and  the  aiming  and  shot  location  scores  for  the  first  three 
shots  can  be  computed  (SYS  3427) .  The  three-round  shot  group  and 
summary  diagnostic  scores  are  shown.  If  the  summary  scores  meet  the 
standard,  the  firer  fires  three  more  shots.  If  the  standard  was  not 
met,  the  program  returns  to  line  230. 

Line  1450:  If  the  shot  count  is  less  than  6,  the  program  loops  back  to  line 
1160. 

Line  1460-1470:  The  shot  location  scores  for  shots  3-5  are  computed  and  the 
three-round  shot  group  and  summary  diagnostic  scores  are  shown. 

Lines  1480-1490:  The  program  determines  a  starting  level  or  continues  to  the 
extended  skill  test.  If  no  further  testing  is  required,  control  is 
returned  to  line  230. 

Lines  1500-1540;  Variables  for  the  extended  skill  test  are  set  up  and  the 
introductory  screens  displayed. 

Lines  1550-1640:  Either  three  or  six  more  shots  are  fired  in  this  loop  for 
the  extended  skill  test.  These  line3  proceed  in  similar  manner  to  the 
regular  skill  test  with  the  exception  of  line  1570,  which  must  now 
consider  the  possibility  of  a  no  fire.  Control  is  returned  to  line  230 
upon  completion. 

Lines  1650-1930:  Firing  levels  1  and  2. 

Lines  1650-1660:  The  targets  are  shown  at  all  ranges  and  the  expanded  target 
with  the  "bull's  eye”  circles  is  now  shown. 

Lines  1670-1680:  Variable  initialization. 

Lines  1690-1710:  If  the  current  level  is  1  and  the  "EZ"  option  has  been 

selected,  only  the  data  for  250  meter  targets  is  moved.  The  line  which 
loads  all  other  targets  is  skipped. 

Line  1720:  This  line  moves  the  data  for  all  targets  from  EPROM. 

Lines  1730-1780:  All  variables  are  initialized,  and  the  hires  scenario  and 
status  line  are  displayed.  A  random  X  coordinate  and  the  no  time  limit 
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code  are  recorded  in  the  data  for  the  machine  language  routines  and  the 
trajectory  and  Y  coordinate  are  obtained  from  the  data  for  use  in 
future  BASIC  routines.  If  the  50  meter  target  is  being  engaged,  the 
second  sprite  is  prepared. 

Lines  1790:  The  machine  language  routine  target  and  lightpen  control  is 

called  here.  POKE  878,0  turns  off  the  cross  delay  counter  so  that  the 
cross  will  remain  on  the  screen  and  not  disappear  after  one  half 
second.  If  the  break  key  is  pressed  during  engagement,  control  is 
transferred  to  line  1930  and  the  subroutine  is  exited. 

Lines  1800-1840:  If  the  "call  your  shot"  option  is  in  effect,  the  program 
displays  the  message  "CALL  YOUR  SHOT:  5."  Each  second  from  5  to  0  is 
counted  down  and  displayed.  When  the  timer  reaches  0,  the  crosshair  is 
displayed. 

Line  1850-1870:  If  a  hit  is  detected,  the  prompt  "HIT"  is  shown  at  the 
bottom  left  of  the  screen.  If  a  miss  is  reported,  the  word  "MISS" 
appears.  The  replay  routine  is  called  with  a  check  for  the  break  key. 

Line  1880:  The  shot  counter  is  incremented  and  if  it  is  not  the  third  shot 
at  any  target,  the  target  data  pointer  is  restored  to  the  same  target 
and  the  program  loops  back  to  line  1750. 

Line  1890-1910:  At  this  point  in  the  routine,  three  shots  have  been  fired  at 
a  target.  The  shot  group  is  displayed  and  if  the  number  of  hits  is  2 
or  3,  the  next  target  is  engaged  {beginning  at  line  1730) .  If  this 
success  comes  after  an  earlier  failure,  the  message  'STANDARD  MET, 
CONTINUE."  is  displayed. 

Line  1920:  This  line  indicates  the  firer  did  not  pass  the  standards.  The 
number  of  repetitions  counter  (RP)  is  incremented,  the  "YOU  DID  NOT 
MEET  THE  STANDARD.  PREPARE  TO  REFIRE."  message  is  displayed,  the 
border  is  changed  to  red,  the  number  of  hits  (H)  is  set  to  0,  and 
control  is  sent  to  line  1750  for  replay  of  the  same  target. 

Line  1930:  All  sprites  are  turned  off,  summary  diagnostic  scores  are 
displayed,  the  next  level  of  fire  is  determined,  and  control  is 
returned  to  line  280. 

Lines  1940-2300:  Firing  levels  3  and  4. 

Lines  1940-2060:  The  proper  instructional  screens  are  displayed,  all 

variables  are  initialized  and  the  target  data  is  moved  to  RAM  in  random 
order. 

Lines  2070-2110:  These  lines  control  the  firing  for  the  first  round  of 

targets.  The  work  horse  of  this  routine  is  the  subroutine  beginning  at 
line  4850,  which  returns  (in  the  variable  Z)  128  if  the  break  key  is 
pressed  during  the  exercise,  64  for  a  no  fire,  or  0  to  proceed.  When 
all  targets  have  been  engaged  once,  the  next  set  of  lines  are  executed 
to  handle  any  necessary  repetitions. 

Line  2120:  The  summary  shot  groups  for  all  targets  engaged  are  shown. 

Lines  2130-2240:  Shots  are  refired  on  the  targets  for  which  the  firer  did 
not  qualify.  Again,  the  main  routine  is  the  subroutine  beginning  at 
line  4370. 

Lines  2250-2300:  The  average  diagnostic  scores  are  computed  and  displayed 

and  the  next  level  of  fire  is  determined.  Control  is  returned  to  line 
280. 

Lines  2310-2730:  Firing  levels  5-8. 

Lines  2310-2410 :  Instructional  screens  are  displayed,  all  variables  are 

initialized  and  the  target  data  for  the  appropriate  level  (supported 
position)  are  moved  to  RAM. 
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Lines  2420-2460:  The  main  routine  at  subroutine  4510  is  called  in  line  2420. 
A  summary  of  hit,  miss,  no  fire,  accuracy,  and  penalties  is  shown  after 
firing.  If  the  break  key  was  pressed  during  engagement,  the  subroutine 
is  exited.  After  shot  groups  are  shown,  the  program  checks  to  see  if 
the  standards  have  been  met  and  either  returns  to  line  2380  or 
continues  to  the  unsupported  position. 

Lines  2470-2530:  Instructional  screens  are  displayed,  all  variables  are 

initialized  and  the  target  data  for  the  appropriate  level  (supported 
position)  are  moved  to  RAM.  The  main  routine  at  subroutine  4510  is 
called  in  line  2530. 

Lines  2540-2580:  After  the  hit,  miss,  no  fire,  accuracy,  and  penalty  summary 
screen  is  shown,  the  shot  groups  for  all  targets  engaged  are  shown  and 
records  for  the  unsupported  position  are  saved  to  disk  if  requested. 

If  standards  have  not  been  met,  control  returns  to  line  2500. 

Lines  2590-2730:  The  hit,  miss,  no  fire,  accuracy,  and  penalty  summary 

screen  is  shown  for  both  firing  positions  and  the  next  level  of  fire  is 
determined. 

Lines  2740-2890:  Firing  level  9. 

Lines  2740-2800;  Instructional  screens  are  displayed,  all  variables  are 
initialized  and  the  target  data  for  level  9  are  moved  from  EPROM  to 
RAM.  The  high  resolution  graphics  screen  and  status  line  are 
displayed. 

Lines  2810-2890:  The  machine  language  routine  controlling  the  target 

engagement  and  lightpen  collection  is  entered.  Due  to  the  unique 
timing  which  is  utilized  in  this  level,  all  targets  are  displayed  by 
this  machine  language  routine,  therefore,  very  little  is  done  in  BASIC. 
The  positions  are  repeated  (with  shot  groups  and  record  storage  to  disk 
in  between)  until  standards  are  met  or  the  break  key  is  pressed.  After 
successful  completion,  the  current  level  (CL)  variable  is  set  to  10  to 
signify  the  conclusion  of  the  program  and  control  is  returned  to  line 
280. 

Lines  3000-3040:  These  lines  perform  the  calculations  for  the  diagnostic  scores. 
For  the  steady  position  score,  SD(0,S)  is  initially  set  to  -1.  Assume  there 
are  n  readings.  If  n  is  greater  45,  SD(0,S)  is  set  tc  examine  the  readings 
from  -45  to  -7.  If  n  is  less  than  45  but  greater  than  6,  SD(0,S)  is  set  for 
readings  n  to  -7.  The  range  of  readings  for  the  aiming  score  is  set  to  the 
same  value  as  that  of  the  steady  position.  For  the  trigger  squeeze  measure, 
SD (2 , S)  is  set  to  -1.  1L  there  are  more  than  5  readings,  it  is  changed  so 
that  readings  -6  to  -1  are  examined.  The  machine  language  routine  (MA)  is 
then  called  to  compute  the  scores. 

Lines  3050-3060:  Certain  variables  are  saved  into  the  array  H%. 

Lines  3070-3080:  Variables  which  were  saved  in  lines  3050-3060  can  be  restored  by 
calling  this  routine. 

Lines  3090-3180:  With  the  numeric  diagnostic  scores  in  the  SD  array,  thia  routine 
returns  the  appropriate  descriptive  diagnostic  score.  It  is  most  often 
called  at  line  3090,  but  in  certain  circumstances,  may  be  called  at  line 
3100  with  the  diagnoatic  score  in  Z4  and  the  subscript  for  criterion 
comparison  in  Z5.  If  the  current  level  is  0  (zeroing  procedure)  and  the  NU 
variable  (a  flag  for  numeric  scores)  is  not  equal  to  0,  both  the  descriptive 
and  numeric  diagnostic  scores  are  displayed  simultaneously. 
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Lines  3190-3290:  The  ASSUME  (proper)  POSITION  message  is  displayed.  If  PS  is  0, 
the  position  is  supported.  For  a  1  in  PS,  it  is  unsupported.  If  BS  is  not 
the  null  string,  it  is  displayed  above  the  ASSUME  POSITION  message.  This 
routine  is  sometimes  called  at  line  3250  to  display  the  <PULL  TRIGGER  TO 
CONTINUE>  message,  at  line  3260  to  check  for  trigger  pull,  or  at  line  3280 
to  check  for  trigger  release. 

Line  3300:  This  procedure  prints  the  string  in  A$  to  the  graphics  screen  by 
OAlling  the  appropriate  machine  language  routine. 

Line  3310:  The  hires  graphics  screen  at  location  SI  of  chip/bank  S2  is  displayed. 

Lines  3320-3350:  The  average  diagnostic  scores  from  B  to  E  are  computed. 

Lines  3360-3410:  Determines  the  appropriate  next  level  of  fire  based  on  skill 
test  performance. 

Lines  3420-3480:  These  lines  display  the  introductory  screen  to  each  level.  If 

the  trigger  is  pulled,  the  corresponding  level  is  entered.  If  the  break  key 
is  pressed,  control  is  transferred  to  the  menu  screen. 

Lines  3490-3930:  The  menu  screen.  This  routine  displays  the  options  available  to 
the  user,  including  "L"  (selecting  start  and  atop  levels),  "N”  (returns  a 
new  firer  to  the  calibration  routine),  "W  (sets  wind  speed),  "CS"  (selects 
or  deselects  the  "call  your  shot"  option),  "G"  (returns  to  the  level  where 
the  program  was  interrupted) ,  and  "EZ"  (show  only  250  meter  targets  on  level 
1)  . 

Lines  3940-3970:  Sprite  initialization  for  the  machine  language  replay  routine. 

Lines  3980-4290:  Display  diagnostic  scores  and  replay  for  levels  1-4. 

Lines  3980-4040:  Display  diagnostic  scores.  If  a  miss  was  detected,  the 
word  "MISS"  is  shown  in  place  of  a  shot  location  score. 

Lines  4050-4290:  Show  replay.  The  replay  target  is  positioned  so  that  its 
center  of  mass  is  at  the  point  (254,176).  The  sight  post  which 
represents  the  perfect  sight  picture  is  adjusted  for  wind  and 
trajectory.  The  replay  message  is  displayed  and  the  center  of  the 
screen  is  colored  green  by  the  machine  language  routine  referenced  by 
the  variable  CO.  The  replay  is  interrupt  driven,  and  lines  4150-4170 
wait  for  the  replay  to  finish  at  least  once  before  the  trigger  can  be 
pulled.  Lines  4200-4280  control  the  pause  when  the  "Correct  Sight 
Placement /Tour  Sight  Placement"  and  "Pull  trigger  to  continue"  messages 
are  displayed,  waiting  for  either  trigger  pull,  the  break  key,  or  the 
time  limit  to  expire  before  showing  the  replay  again. 

tines  4300-4450:  Display  final  diagnostic  scores  for  levels  1-4  and  determine  the 

next  firing  level. 

Line  4300:  If  less  than  two  shots  have  been  fired,  the  summary  scores  are 
not  displayed. 

Lines  4310-4340:  Compute  the  average  diagnostic  scores. 

Lines  4350-4390:  Display  the  final  scores. 

Lines  4400-4450:  Determine  the  next  firing  level.  Jf  there  is  more  than  one 
poor  score  and  the  current  level  is  greater  than  1,  the  firer  must 
regress  a  level.  If  there  is  a  poor  score  or  a  score  which  is  below 
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average,  the  firer  must  repeat  the  level.  Otherwise,  the  firer 
attempts  the  next  level. 


Lines  4460-4510:  A  stack  beginning  at  16325  is  used  to  store  target  numbers 

before  the  machine  language  routine  referenced  by  the  variable  RM  is  called. 
By  randomizing  the  numbers  in  the  stack,  the  RM  procedure  can  take  the 
corresponding  target  from  the  data  stored  on  the  EPROM  and  place  it  in  RAM. 
Before  calling  this  subroutine,  the  variables  B  and  E  must  be  set  to  the 
beginning  and  ending  point  in  the  stack.  This  technique  is  used  to 
accommodate  those  circumstances  where  two  or  more  sets  of  targets  must  be 
randomized.  For  levels  5-8,  the  supported  targets  must  be  dealt  with  before 
the  unsupported  targets  so  that  they  are  not  all  randomized  together.  This 
subroutine  randomizes  the  stack  so  that  the  RM  procedure  can  be  called. 

Lines  4520-4620:  Main  scenario  routine  for  levels  5-8. 

Lines  4520-4580:  These  lines  perform  the  initialization  process  which  varies 
for  each  level.  The  variable  AD  considers  the  different  feedback  for 
hit  or  miss  (cross  always,  cross  only  for  misses,  or  cross  never)  and 
whether  or  not  the  records  should  be  saved  to  the  disk  buffer  (remember 
that  only  the  first  attempt  is  saved) . 

Lines  4590-4610:  The  machine  language  target  control  routine  is  called,  the 
whistle  is  blown  if  a  target  is  left  standing  after  the  time  limit  has 
expired,  and  the  procedure  waits  for  the  cross  to  disappear  before 
continuing. 

Line  4620:  A  random  delay  before  the  next  screen  is  displayed. 

Lines  4630-4690:  Display  shot  groups.  The  target  is  positioned  so  that  its 

center  of  mass  is  at  (174,150)  and  the  shots  are  displayed  by  the  machine 
language  routine  referenced  by  the  variable  GP.  The  shot  location  score  is 
returned  in  Z4 .  This  result  was  once  displayed  at  the  bottom  of  the  shot 
group  screen. 

Lines  4700-4850:  Display  the  summary  screen  of  hits,  misses,  no  fires,  shot 

location,  and  penalties  for  levels  5-8.  It  will  also  display  the  messages 
"Standard  met"  or  "Standard  not  met." 

Lines  4860-5050:  Main  scenario  routine  for  levels  3-4. 

Lines  4860-4920:  All  variables  are  initialized  and  the  high  resolution 

graphic  screen  with  status  line  is  displayed.  The  machine  language 
routine  which  displays  the  targets  is  called. 

Line  4930-4940:  Hit,  misa,  or  no  firo  is  determined.  If  the  break  key  was 
pressed  or  a  no  fire  was  recorded,  the  subroutine  returns  to  line  2090. 
Lines  4950-5050:  The  diagnostic  scores  are  displayed  and  the  replay  is  shown 
if  a  bad  shot  is  determined.  A  bad  ahot  is  indicated  by  a  poor  score 
in  any  diagnostic  measure  or  a  below  average  or  poor  score  for  shot 
location. 

Lines  5060-5150:  Display  diagnostic  scores  and  shot  group  for  the  skill  test. 

Lines  5160-5240:  Display  summary  screen  for  level  9. 

Lines  5250-5270:  Display  four  fundamentals  of  rifle  marksmanship. 

Lines  5520-5540:  The  "YOU  DID  NOT  MEET  THE  STANDARD.  PREPARE  TO  REFIRE."  message 
is  displayed  and  the  border  is  changed  to  red  to  signify  more  target 
presentations  due  to  a  failure  to  meet  standards. 
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Lines  5550-5560:  the  message  "STANDARD  MET.  CONTINUE."  is  shown  when  a  student 
has  failed  a  standard,  and  then  successfully  meets  a  standard. 

Lines  5570-5600:  These  lines  display  the  status  line  after  adding  the  current 
wind  speed  and  direction. 

Lines  5610-5680:  This  subroutine  prompt  the  user  for  input  at  the  menu  screen. 

The  menu  is  displayed  on  the  high  resolution  graphic  screen,  necessitating  a 
more  complex  means  of  obtaining  the  input.  Only  two  characters  or  numbers 
are  accepted. 

Line  5€90:  The  record  keeping  buffer  is  initially  set  for  no  fires. 

Line  5700:  This  subroutine  calls  machine  language  routines  from  chip  0,  bank  1. 
The  variable  SB  should  be  set  to  the  low  byte  of  the  address  of  the  routine 
desired . 

Line  5710:  This  routine  performs  the  same  function  as  in  line  5700,  except 
parameters  can  be  passed  through  the  variable  2. 

Lines  5720-5730:  The  graphic  depiction  of  the  diagnostic  scores  ("bull's  eye" 
target)  and  the  target  ranges  are  shown. 

Lines  5740-5810:  Displays  examples  of  the  proper  offset  for  wind  effects. 

Lines  5820-5860:  Checks  the  number  of  hits  and  determines  if  the  firer  was  an 

expert,  marksman,  sharpshooter,  or  unqualified.  If  H%(0)-1,  the  firer  had 
an  earlier  repetition  and  therefore  can  be  rated  only  as  high  as 
sharpshooter. 

Lines  6000-6120:  Data. 
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APPENDIX  G 


MACS  BRM  Cartridge  Program  Listings 


10  poke  lOMiiiMiioiroa  siiii.oirou  v«2i.0t>»-> 

10  DIN  9O(3,2S),C*<4,3l.Ht<4),OAm,10).CA4<S) 

30  nMS440:I2-4)4MtNV-0i4i-O:e*-0 

40  Dtf  m(K)*iNT(x/is«)tUP  nu<xi-x-iKYtx/2i4)*lS4 

so  dip  nnitx»-mnx)*rtt*<x*n»2SiiDtf  mi<x»*iiT ham ix>o> •*>♦.*> 

«0  U-n(iN*)40eiDI040)tlT-)<0(tIVa)IO»iftA)IO-)4n>IC04niRA*)424ilC-ll)0 

10  €4043)  iCO34)0tllH-34)»iHS-)4«2iDT-)44$i  T-0 

•  0  zr  PEEK(1432l)-12?  tHUl  ITS  DltOMVP  34»0>OQTO  1)0 

•0  If  4E£*(S4m)-t4?  THU  00SU1  )24C  i  Nil  1)110.  OiSYft  DliOOTO  1)0 

•i  sr  M-m  thin  ioo 

)2  t-Y*IiIP  T<I00  THEN  100 

0)  IP  (T  AND  1)«1  THU  SYS  4»1M  i  T-0  iOOTO  00 

>4  ron  OUJim  Rl!A|-"IWAMHT2l012)<full  triggar  to  lwglA>*iOO*VP  1)00 iT*-l  iOOTO  00 
100  CET  Mi  IP  A|-*“  THU  00 

110  P4-AI«HT4(PS,  l)*Mit— <PS-*lp*)-(Bt-*ag*>  *11  IP  1-0  TRU  00 

110  avt  DliPOKt  1)241. tTtpOKl  13272, 1)  iPAIKT"  (CLA)*/ : POKE  4‘i41,Ei»TP  44179 

1)0  IP  UUU  THU  2)0 

140  M--(p))0*(p4)00(ps)00(fi)00(cu)(r2ii)02(riH*HiN  a  c  i(Pi loposiuiviutic  AifiNira)Cooi#uEAoH*D*bip(f2)iin- 

110  A4-A4*TraiAlng‘HEDHr3)00"tOaiV»  3)00 

140  POKE  13141,  OiPOH  1-0  TO  fifOA  J-0  TO  3 i  AEAD  CA(I,J)iMUT  3,1 

1) 0  pan  1-1  TO  4 1 PON  3-0  TO  4  i  AMD  DM  (1,31  iMEXT  3,1 
140  POH  2-1  TO  Si  READ  CM  (1 )  iHIXT  I 

140  UM  t-0 1 44—1 S  i OQ3 U)  S?10i  AJC-l 

100  AI-OiPCH  1-1  TO  SOOiMEXT  III!  W-0  THU  1)0 

110  PORI  1)241, 2? t POKE  112)1,2)  t  INPUT"  (CLA  ) Data* /A*  1 104— LEFT  I  (A),  I)  ♦OKAS  (13) 

210  1  WITT  •  Unit  *jM»  lOl-IOf *LEPT$  (A|,  20)  *CHAI<13> 

2) 0  POM  414,0  :9t— 0  :  CL— 0  iM09-*a" <QOSUM  IOOOiZP  CL>EL  THU  CL-EL 
240  IP  CMPL  THU  CL-4L 

ISO  OOfl/4  3420.4C-4L.IP  CL-0  THEN  2)0 

240  IP(M1  AND  14) THEM  Ml-IKT (AMD(l) •  1)  i»I-14» <  (PJMMI-4)  «2) )  *  <  JNT (AND (1 )  •!)  *32) 

2T0  POKE  4 1 4 , M I i ON  Ck  OO «U)  1410. 14S0, 1440, 1440, 2)10, 2310, 2)10,2310, 2740 
240  NO$-M«Bi2r  (CK-El)  AND  (SL<>EL)  THU  240 

240  A9-*(F))09(r4)03(CkR)  (PS)OS(F?  )  0)  ( 4U( )  (f  2 1 0104 1  PI ) CONGRATULATIONS  (PI  )  (P4 )  You  are  flnlahad(P4)  With  this  " 

300  A9-A9«~prograa.  |P4 )  <P4)  Call  instructor .  (PI )  *  idOSi/4  32S0 
310  row  13240. 0>4Y4  49144 1  RESTORE  (POKE  1B4.0;OOTO  40 
1000  TN-0  iK%  (0)-0  i  41-32 74 4 1 12-4  :  IP  M-0  THEN  1020 

1010  POKE  13272.2)140X1  1)241.  27  i  INPUT"  I  CUM  (NHT I Plrar  10  4"UD9 1 109-LEPTI  (IDS.  20) 

1020  OOlUi  1210:  POKE  13241, 4)  i  A9*“  (P4 ) 00  ( PS )  1)  < p7  )00  (CLA)  | »U )  IT  1  )(P2 )  0?0\Pirat  3  shots* 

1010  AI-AI*"  (T2l  OOOJaatabllah  a  hot  group  (  P2  >  OIOSA1*  cantar  of  mm.' 

1040  Af-A4*”(r2)0Sl?«Mt«  dot  shows ( P2 11 31 4cant or. *100)1/4  3)00 

1010  POKE  140, 3 1 4Y4  DT  i  PON  *-12144  TO  12144:PO«CS  t.DiMKXT  SiPOKX  1124.1 

1010  AS—* (P2 )072)<Pull  triggar  to  contlnua><P) ) 0l>" iOOSVP  3)00 

1070  ir  PEEK  (14321  )-247  THEM  UOO 

1040  GET  ASiXP  Al<>*|*  THU  1070 

1C40  TN— l 

1100  004 U4  3240iir  NI-0  THEN  11)0 

1110  AS--<P3)O*irS)O0lP7|00jri  MOAN)  (P2)0404?hdra  la  no (P2 ) 0«07wlnd  whlla  you |P2 )0410ara  aatabllihlhg* 

1120  AS-AI«*(P2)0ll)ahot  group. IIORN) |P)|*tOOIV»  3210 

1130  iC-0 :  POKE  494.42.POK1  443.  40. POM  414,0. PON  1-1)4  TO  4)7, POM  t.OiNXXT  1 

1140  OX-O.OY-OiPOKP  4)4,0  .POKE  444.0.P0KE  490.140.POKE  441.40iPO«  492,140 

1110  POKE  423,0.  POKE  *24 , 0 1  POKE  421.17.POM  422 , 0.44—4  -GOS1/V  )700it-0 

1140  IT  <9<>0>  AND  ($<>))  THEN  1210 

1170  POA  1-0  TO  3 1 ID  < 1 , 2 ) ) — 0 i NEXT  1 1 P4-JNT 44/3) 

1140  P4— "(f 1  I  (P2)0)0)i<)AN|Ma*t  3  ahota  halp  ( P2 1  0l04daclda  Mart  ltvdl.*iIP  ft  THEN  1200 
1190  (f  1 )  (f 2 10301  (OAK) PI r«  mo  shot  par  (Pm)04targat .  (P2  |0007?argata  axa  untu*a.* 

1200  COIVE  3190:0041/4  3)10 

1210  POKE  474,0:  POKE  477, 201:  X— HINT 4 AND  (1 )  *71) )  *2)  *71 1  JP  TN  THU  X-14S 
1220  POM  12441.  XtGOlVP  32)0 

12)0  t— 20)12: 44-0: 0OIU4  17lO:pOKE  V*21.0i1P  1-121  THU  1210 
1240  N— PNM(407) iN-N* ( M> 1 2 4 ) • (M-124)  i  OOI VI  3000 
1210  IP  E>2  THEN  1240 

1240  XI— (X*l 1 1 *PNN  4447) : Yl-li»-PNN< 444) :OX-OX*Xl :OY«OY*YJ iXD(l.  t)-l 
1270  IP  (Xl>-?3)  OA  4X1<-144)  ON  (Y1>-1?|  OP.  <Yl<-4?)  THEN  PC-1 
1240  )D  (0, 21)— ID 40, 21)  *9D(0,  *) iSD (2, 2SI-SD (2,21) ♦4C(2, •) 

1290  0O4U4  3240: IP  4<>2  THEN  1 4 SO 

1)00  ON-lNT 4  40X/3 ) *1 ) lOX-IMT (OX/2) *2 iQY-IMT ( (07/3) *0 . S) 

1)10  IP  4EC-0)  OA  (EO-O)  THU  1)70 

1320  A4-“(P) J041CIN) (AED) (Pl)00(P7)00iri ) (ft  10204 Invalid  ahct  group(P2)1107try  agaln*ilf  H4(0)-0  THEN1J40 
1)30  Al-A|**(P2)0310or  chack  ligtitpanira ) oillaount  a)lguMnt(r2)04i4|aaa  manual)* 

1)40  A4-A»**4Pin  LOAN)  "inHO)-l:OOf  1/4  3210 
1)10  IP  PA  THU  1-1  iOOTO  120 
1)40  OOTO  11)0 

1)70  X*)X- (0X0)  "411)4 iY^Y'(OY<0)  *411)4 

1)00  POKE  4)4, PAL <X) : POKE  9)1, PMH4X) : POKE  1)4, PNL (Y) :P0tt  t)7,PHH(Y) 

1)90  SO  (1,0) -ED  ( 1,0)  if  YE  )427 .  PCH  t-0  TO  *iS0(l,2»)-*D<l,2i)taDU.I) 

1409  1D(3,2S>-1D().2S)*PD1),E> iNEXT  1 i 1-4)44 0 : 0O4V4  1040 

1410  A9«*(P3)0»(CLAHPS)00|P?)00(Pl)|«HT)ahot  giOupB*CA|*M4WtC)  (LBLU)  lP2|0S04Hould  you  Ilka  tO|P2)  1107try  for  4* 
1420  A4-A|«*|P2)04l0tlghtar  group? ( PI ) (P2 ) 9123 (CAN | Pull  triggar  to  aalact  anawar 4P2)0017 (f) ) 04* 

14)0  004 1/4  3)OOi9B*14iOQm  lllOiPOKE  1)201. 4)iXP  |  THU  11)0 
1440  P— Oit-2 lOOfVB  3)?0i*-2iir  41*0)  OH  4EL<2)  THU  CWiUTUU 
14S0  4-1*1 1  If  l<4  THU  1140 

1440  POKE  13241, 43.POH  1-3  TO  ItfD  (1, 2S|-*D(l,  2D  *90(1.9) 

1470  ID  |), 2S|— 1D(3, 21) *PD I), E) iMEXT  f i 1-4)444 i 004 V»  1040 
1490  N— 4 i T— 0 

1490  9-)it-Si00*VP  1)70 . IP  4E-0)  OH  4SLO)  THE N  CL-2iAtTVAJf 

1100  U-“(P1 )  (P2)  0101 1  OHM)  You  Hava  dona  valli  (P2)  1)04  Now  try  |P2  )0«o?tiud  targata* 

liio  pf*o loot ui  moiootvt  1490 

1120  POM  4)4,0 1  POM  114,0. POM  4*0,1«0:POKE  491,40:POKE  B92,140irOKE  474,0 
1130  POKE  4??,20S  i  POKE  •23,1?iPOKE  424,0iPOKE  42J.U4.40M  422,  0  HH-4  iOO4V»l?00 
1140  POKE  9 99, 42 >904 VO  3)10 i P-0 :E*2 :T-1 
1110  PON  4— P  TO  E 

1140  4P-0 : E--20312 tOOfVp  1710iPCM  V*21.0 


mo  ir  i>ii  then  srs  mh,pop  s-o  to  3,id(1.$)-cp<i*pi*4.3) ,mett  it  goto  mo 

1110  N-PMM(»07>  ,M-N*  <M>12I)  *  (K-lll)  iOO*U|  >000 

mo  oosui  32i0iittxT  s,oosm  3370iir  (too)  md  (ii>(T*2i)  then  icio 
1400  M-«iCl^T*2il»-*“tOOTO  U30 

1410  T-T«ltlf  T-J  THEN  PS-1  1  »»-*"  tQOSUI  31*0, OOSUI  3310,1-3 t t-S tOOTO  1440 
1420  N-4,CL-4*M-"(r2UOOSM*ll  dofifl* 

lijo  M*"(ri}o»Kumrs)00tr7>00iGMHfir«i»*-<r2)0304You  will  itart  •t(r2mii.  .  .iriioo* 

1440  OOSUI  3JOOtFOP  CHI  TO  400 1 Mi4T  DiMTUPN 

1440  OOSUI  1720 1  OOSUI  $740  iRT-3  1  Pl-Cl-1  ilKinj  (T2  \  0002  (GPM  (Tar fata  an  untl*ad." 

1440  l*-E9«"(r2)9Q03ltandard,  Hit  2  of  )(ra)03Q4at  a  act,  41  atanca . •  j OOSUI  31*0 
If 70  OOSUI  SSIOtPOKt  I74.0.POK*  *77, 204 ifQKE  MI.O 

1440  POKE  4*0, 140,TM-0iPOKl  111,40,400  4*2, 140, POKE  ISI.OtPOKE  441.42 
14*0  IP  (U-O)  04  (CLOU  THIS  1720 

1700  POR  1-0  TO  ITT*  4- 1 1  POKE  14224*1,  4  iMUT  l:KKX  1432S**T*4. 243 
1710  POO  Ill.OiPOO  123. 1 14  1  POO  124,0, SI-3 tQOSUI  4700, OOTO  17)0 
1720  POO  123.  Ill  ,  POKE  424,  O.PQRE  421, 225, PORE  422.  0,S»-4, OOSUI  »700 
1730  ll-327«l>12-litP—  32440- (CS* 4044)  ,*-0 ,TM-TM*1 ,PP-0 1  IP  W-7  THEN  1130 
1740  OOSUI  3040 

mo  wok (•)•  it oosui  33i0iAS»"L-"*iTP»(ci»*"iT-"**Tpi<i*n*MP-**ST»$<pp) 

1740  OOSUI  4470 1  POO  I2«  7aS*l.  RP  iX-l  (IM?  (PMC  ( 1)  •  44)  >  *2) *71 ,  AD-W*  (174) 

1770  POO  AE*1.X,T-PIEI <AD«2) iPOKE  AD*4,23$tTJ-PtEA(AD«ll)  iTJ-TJ*  (TJ>127)*tS< 

1710  IP  (TM-1)  AMD  <<E*-0)  OS  ICtOl))  THEM  POO  ADM  S.X*40iPOKX  AD*20,2»S 
17|0  OOSUI  2P40 1 10-0 1 4-1* . OOSUI  4710, PORE  S7t,0itP  Mil  THIS  1*30 
1100  IP  Cf-C  THEM  1110 

1410  AS-*>(P2l0423(lLK|{Sn.CMPl)Cail  your  •hoti*illTl«34» 

1420  I2-IMT(<tl-Tn/40|  ,AS-A|**(f2)3423"*STM(t2)  .OOSUI  3300 »AE-« |P1  )" 

1130  IP  !2>0  THIN  1420 

1440  POO  V*21.PEES(V*21}  OS  1 

1430  AS*"  (ILK  M PI )  ( P2  >0423  IP2|0123"*C*M  (142) 

1140  iKalil'  *  IP  PXE*(*00)<:2l  THEN  »-MMtM-"Mt” 

1170  A*-AJt|#, OOSUI  3300 1  OOSUI  UlOtlf  S-124  THEM  1*10 

1»*0  S-SMilf  S/IOINT (S/3)  THEM  POO  474,  Hi  (2)  tPOO  I77.H4  (3)  tOOTO  l7$0 

14*0  1-3  1 t-11  ♦H4U»  •ItCOIUI  4430 1  If  H<2  THEE  1*20 

1*00  IP  Rf>0  THEN  IC-BL, OOSUI  3540 

1110  OOTO  1730 

1*20  OOSUI  3070:  JR— 31414- ICS440*4)  tRP-PP*l >H-0 .OOSUI  S323iOOTO  1750 
1*30  POEE  V*21. 0 1 OOSUI  4300 , CL-CUA t  PtTuPM 
1*40  PP-0,PS-«l-S,MT-4iCOSUl  3740 

1*30  Af-"(P3)0*(P4)00(CLP) I TS )  00  If  ?  I  00  ( ffPJ< ) (PI) (P2I030324  tllid  tai^ata.MIf  CL-4  THEM  1*10 
1*40  Af-AI«" ( P2 )0007Stand*rd :  Hit  3  of  4(P2)0310at  aac h  diatanc#.- 

1*70  AS— Al*"  (f2  }0414*aplay  TOT  Old  (P2  >  0*1 7»hot  ■  only.  (PI)  (  LOAM)**  1  OOSUI  32  30  GOTO  2010 

1*10  Al-A!** (P? )110?Standard : (P2 )0010Hlt  3  of  4  at  rangaa IP2 )0012b«Lwaan  30  and  200  ■" 

19*0  AI-Al*"|P2)071SHlt  2  of  4  at ( P2 )07i7240  and  300  Slfl )< LOW J- t OOSUI  3230 
2000  •••- 1 PI  KCRUl  (P2)04044«play  for  bad  If 2 ) 0*07§hott  only." 

2010  OOSUI  31*0  iPOKE  43214.  43 1  OOSUI  44*0  J  IS—  32440  (POKE  4»*,42 
2020  i-Ott-MT*  4-1.  OOSUI  4440 

2030  AD-Il  ifOP  1-1  TO  MfStPOKE  AD.233  ,Af>-AD**  .MEXT  t  ,11-37444  i»2-S 

2040  rOS  t-l  TO  Ei POKE  14324*1, I NT (PEEP <1132 5*1) /MT) tMEXT  SiPOS  t-1  TO  4 

2030  DA% (f ,  4 1-0  i DA% (1. 4) -0 1  MIX?  l.fOS  E-ll  TO  11*1**  STEP  ItPOKE  1.0, MEET  1 

2040  POSE  121.  Ci POKE  423.  114- POKE  124.  0 : SI-3  : OOSUI  4700:POKE  I74,0:POR»  177,203 

2070  1-0 iGOSUI  3310 

2010  1-1*1. If  1>MT*4  THEM  2120 

20*0  OOSUI  4140 ; PORE  V«21.0iIP  E-121  THEN  2240 

2100  IP  1-44  THEM  IT*  MM 

2110  OOTO  2010 

2120  POS  TN-1  TO  4 , 1-11  ♦  <TN-1  >  *)2  ,M-4  i OOSUI  4430:MEXT  TN,P— 1 

2130  PORE  43244, 43 , PP-RP* 1 ,EA— 0 iTM-1 

2140  IP  0A%(TM,l)>-(3*((CL-4)  AMD  (TM>4>>)  THEM  2270 

2130  EP— 1 1 XR--31414 1  POSE  S21,0:PORE  123, 114, POKE  424.0ilP  P  THEM  fiOSUI  4420 
2140  AD-I1MTNM) *32 iPOS  2-1  TO  lifOKE  AC.  243,  AD-AD* i, MEXT  t 

2170  POP  1-0  TO  MTM»POKE  14324*1, TH-1 :MEXT  tiPORE  1 4325«MT, ISS , SI-3 iQOSUI  4700 

2110  PORI  174.0, POKE  177. 204 , 0A4 <TM. 3) -0 ,DAl (TM. 4) -0 , OOSUI  3310 

2110  OOSUI  4140, PORE  V*21,0ilP  1-124  THEM  2230 

2200  ir  t-44  Them  its  nh 

22) c  i-pk:::*D:tp  das'tm.sxmt  them  21*0 

2220  E-X  1  ♦  (7NM)  *32  :  N-4  i  OOSUI  4430:f-0 
2230  TM-TNM.If  T¥<7  THEM  2140 
2240  XP  12  THEN  2130 

2240  PORE  V*21.0,POR  J-0  TO  3 , SD|J, 24 ) -0 iNIXT  J 
2240  S-OiPCS  TN-1  TO  4: If  Da4|TN,4)-0  THEM  2290 
22 70  f OR  1-1  TO  DAI (?M, 4) :!• (TM“1 ) "MT* Il-l ) :M-M* 1 
2240  POP  3-0  TO  3.SD(J, 2S)-SD(J,23) *10(3,1) ,  NEXT  3.1 
22*0  MEET  TM : A-0 ; 11-0 : IP  M>Q  THEM  OOSUI  4330 
2300  CL-CL*A  >PXTVPM 

2)10  OOSUI474  0  ,AS-"(P3 ) 01 ( Pi ) 00 (CLP  I  IPS )00 IP7  )00 (0PN)  (PI  I  (P2 (040240  tlasd  tar^tt I  { P2 )  0205*an<Jo»ly  praaantad- 
2320  Af-AS*" |P2 1 030lalngl«  or  SdUllf. I  Pi) 021220  ihota/iupportod" 

2330  AS-A9*" |P2)001420  Ihota /uo*upporlod{f 1 1 (ECAM)"iOOSUI  3230 

2340  PI-0ilS*<'ir)nQMMr2|0402Plrs  11  oloioit {P2)0404tar|Ot«  flrot  or" 

2340  SS-l«*"(P2)0004panolty  la  rooordsd . if2 )010lftandardi  14  of  20.",OOSUI  31*0 
23S0  OOSUI  44*0 iMP-0 , !R-5 12 

2370  Ml (0) -0.11-34040, 12-2 r If  CL>7  THEN  S1-37I4S tS2-2 

23S0  POO  43241,  43 1 1-0 , E-l 4, OOSUI  4440iPO«CS  174,0, PORI  477,20liP0RE  Sl*,0 
2340  POKE  4*0, 140  ,  PORE  Ml,«0iPORZ  192,  110  i  POKE  ISI.OtPOKS  •**,20iPOKE  110.0 
2400  POKE  *14, OtPOKE  111,0 

2410  POKE  *12,  OiTM-OipOKE  Ul.OiPOKE  123, 224, POKE  124,  0,11-3  .OOSUI  4700 

2420  OOSUI4420  :  A-t  .POKE  12*7,  RP  iHl-0,  M-PEEMI3I )  «1P  (M-0)  AMD  <A<>12!)  TREM2440 

2430  A|-"|P3 10* (PS) 00 (CLP) |P4 ) 00(p7 )00(LILU) (P2 ) OiOlf UM4AAY I  lupportad  Poiltlon" i OOSUI  4700 

2440  Ml-11  iHI-S2,Mf-13  i  AC-14  tlf  A-120  THEM  ftC-OlUTURM 

2440  POP  TM— 1  TO  Stt-IltOOSUI  4430.NRET  TM 

2440  It  fltClS  THEM  11-1434  iPP-PP*l  ipl  (0)-l  .OOSUI  4420.0OTO  2340 
2470  14-ACt IC-IL 

2440  PI-PEEK  1*12 ) iTM-lS. PP— 0 . pl-1 ill—" (Pi  1 16PM ) (P2 } 1 104 Standard i(P2)0707Hlt  14  of  20." 

2490  OOSUI  31*0, POKE  l*l.«0>POKE  43243,43,11-412 

2400  I— lit E— 21 t OOSUI  44S0.PCRE  474,0, PORI  l77,204:POXt  III, 174, POKE  1*0,144 
2110  POME  111 , 114 i PORE  l*2,llliP0Kt  S3I,20>PORE  *10.0, POKE  *12,0 
2420  POKE  *11,2 .POKE  *19,0 

2430  POKE  *21,14, PORI  *2),22S>POKZ  124, 0,11-3 i OOSUI  4700iQOSUI  4320.A-K 
2440  POME  12*147,  RP  ,  HI-0  »M— PEEP  (434) -20  .If  «M-0)  AND  (AOl24)  THEN  2410 

2440  A4— "|P3 ) 0*tP4 ) 00 (CLP) |P4)00(P7}00(LILU) |P2)0401fU*MAPY i  Vnaupportad  Poaitlon- , OOSUI  4700 


G-2 


HO  Hl-tltAI-i2.Nr.E3i  IP  A-I2*  THEN  *L-OiAETVAN 
170  MMifOK  TN-I  TO  *i i-I HUOiQOtUB  4*)0iNKXT  TH 

510  If  Hi <  11  THEN  lR-l33*:RF*AP*l!H%(0)-liOO»U»  SS20 i1*-l*iOOTO  2100 
HO  POKE  V*2I.Qit4-A:AC-(AC*14)/2 

*00  HI-Oi»«*0«irf-OiM--tf3l0*ir«)00{CUMrllOO(r7)00|L»LUHr2»U01PlMAL  tCOHXS" 

(10  A1-A$**(P2  )I303(CRN  tHlta  (F2  I  2  111  (MDlKlaaaalTELO)  (P2)  2HIMO  Plrat (PI )(P* | " tOOSUft  1)00 
*20  fOH  I-l  TO  *: t-DAt  ( 1 .  S)  *Da%  (2.1)  i At-" (LELU)  (P2 ) 0SI|"*STA9 (I*  SO  1  ♦  *  f  F2  )  lilt  (OHM  |  •♦OTA#  (I) 

*30  Hl-Hl *1 i t-DAS (1, *>  +DM  (1 .  *1  :Al-AH*(P2»221Hl£I)rHTM(I)  iNI-Nltl 

*40  f-DAt<1.7>*DA*(X.lO)  iA*-A|*“jr2|12fHYlLO)"*lTMU)4*{riMPll*.Hr-Hr*IiOO»W  3300iNl*T  I 

*so  M-*<r2io*HiL»LuiToT#airanHi(CAni-*iTAHMn**iP2iJ2iniar»)**fT»i(HXH*ir2)i2»nr»Lojw4ininim 

«*o  *4-ACits.»tooau»  sioo:Ai-M*"iriMMi  (ULunr2io*m*n*iti«*i« 

*70  AO-Al**T**(PttK(Hl)*PM)*a<Pii(r2)0*HO/#r*U  ahot  location.  * 

*10  Af-AI*RICHTO(CA».UN(CAf)-S)a*(FO)*iOOIU3  H20  i  Af-A|*CA«*"  I  LOW ) 9  iOOEUV  3210 
*10  IP  (»>2)  OA  (H  J>3S)  THU  |L-0 t CL-CL* 1 > AETUAN 

700  IP  t-l  THIN  A*(CL>iL)  iiL^*-A!CW-Cl*Aii4-*|P2HHlpQcr.*iOOTO  27J0 
710  1 L-*  i  •»--(«  I  OHlbalo*  »v«rift.a 

720  A0--(r3)0HCLAj(AED)  (Tl)  (MKP11  You  at*  b«lng  aant (PO )(C/Af )  back  to  lovalXETAl  (CL)  *■  tri >  (P2 1  Qlllbaoausa" 
730  M*M»‘  your (ft)  (P2)0)llahot  location  »*a  (PI  \  •  *!$♦•  (PI  }{UM|  "tOOm  32SCiAETURM 
740  M-OiaQ*U»S74OtfD(O.0)-OtSDU.O)-Q 

710  M— "(PI 1  (CAN)  (f 2 1010240  target* .  (P2 1 0*01Attaok/Aatraat  (P2 )  1  lOiaoarurlo iQOOu*  mo 

7*0  POKK  13210,  OiWOill*n«»:J2-J:OWUl  l*10iIA-4730tH%(0)-0 

770  POKE  07*,  O i POKK  077#201i POKK  Otf.OiPOK*  010,1*0 

700  TR-OiPOKE  H1.40.KJO  Otl.ilOiPOK*  OH.OiPOKS  Hl.OOiPOKE  112,0 

710  POKK  023.  HliPdCt  *24.3tPOAl  021. SI i POKE  OlUHMiOOtVl  1700 

•  00  OOSUB  1310iA|-*L-  »|T-  0  I A-**1TR| (Af)  lOQEU*  1170 .POO  llO.OtPOKS  111,0 

•10  rood  li*7,Ar.iD-Oif-IAiOOSUl  5710 iA— S 

•  20  POKK  V*2L. 0 .POKE  13200.  OtN-PKIK  (0)0 )  I  IP  N-0  THEM  RETURN 

*30  ••-•Supported  roiitlon-.  IP  ft  THEN  *|~* Unsupported  Position" 

*40  Af--(r3)0*lP4)00(CUiHrS)00ir7>00(L*LVMraj0l0nu»OU»ri  **MiN-PEEK(*3*)  iQOfU»  mo 

*10  IP  A— 120  THEN  *L-OiAEYVRM 

*00  POft  TN-1  TO  4 1 1*11 1 OOSUB  OHOiMlXY  TN 

•  70  IP  Hl<2)  THEN  I*-37l2iAP-Ar*liM*(0)-l«OOSU»  IDOiOOTO  2770 

•  71  EO (0,  0)-*D(0,  0)  *HI  ilD{l,0)-SDU.0)*10 

*00  K-iLiAP-OiIP  f»-0  THEN  n»l  :i|-— iOOSV»  lllCiIR-dTSOtOOTO  2770 
•90  CL— ]0.t4-lD<l,0)/2 i 05-1 ; COSUB  3lOO»POKS  7*1. PNL(Hl) i PORE  7t*.PMH(H5) 

•  00  *D<0.0)-*D(0,0)ME/lO)-((<Nl  AND  1*>-*I)-<(«I  AND  32)*S))M«1  AND  7) 

110  POKE  071.  lit«US*(SD(0.  OM  (IP  PEER<124)>10  THEN  AlTURM 

*20  POKE  071  (  Ot  SYS  HI i POKE  *?1 . * i t-U*R ( ED (0, 0) )  iRETUAN 

000  *0(0.  D  — 1:1P  NX  THIN  0D  <  o .  II  •  I N-4 1)  *2  !*♦  (N-7  )  .  If  M<4S  THEN  ID<0,H)-N-7 
010  ID(1, J)-JD(0. 0) 

020  *0(2, 91**1 1  IP  N>>  THEM  *0(2.  t)-(NX) •210*  (M-l > 

030  POKE  7*1.  Pill (MA)  « PORE  70*.  PKH  (MA)  if-UER  (1) 

040  AETUAN 

010  Ht  (  1 )-PtEK (03*)  IH«(2)*PKEA(|7«)  i HO  (3) •PEEK  ( 077)  :  HO  <4 ) -PEEK  ( 001) 

0*0  HO  (1) -PEEK  (110)  iHO  (*)-pEEK  (HI  )  HO  (7) -PEEK  (112)  :  HO  (0 ) -PEEK  ( HI)  i  AETUAN 
070  POKE  031, HO (1 ) i  POKE  17*. M% (2) iPOKE  *77.  HO (3) i POKE  OI9,KO(4) 

010  POKE  HO,  HO  (3)  '.POKE  0*1,  HO  (*)  .POKE  *12,  MO  (  7  ),  POKE  ••*,  HO  (0)  j  AETUAN 

010  X4-»D(J.* )  itS-J*PSM 

100  X-SilP  tO>CA(ES.O)  THEN  1-4 

110  IP  E4>CA (El. 1 >  THEN  t-3 

120  I r  14>CK (El. 2)  THEN  0-2 

130  IP  (E4>CA (ES, 3) )OA (t*<0)  THEN  E-l 

140  CKl-CRO(l) :1P  (C1<>0)  OA  (NU-0)  THEN  AETUAN 

ISO  Al-ITKO  (31~LEN(*TA|  (04)  1  )  : M-AICHTl  (»0.  2) 

1*0  CR0-" (Pi )  (f  2)  24 II" *M I Dl  (CAO.  4,  10)  ♦  - (P* )  (P2 1  •♦••♦•ll’HTRI  (14 1  ♦  "  ( f  0  MP1  )•*  I  AETUAN 
170  AO-STAf (E4) iE«-LEN(K$) ilr  00<0  THEN  POA  Kl-1  TO  4-E4:»f-"  "*®l .NEXT  tl 
100  CA0-"  (PI  |  (P2)2419,'*NIDi  (CA|,  *, 1 0 ) ♦" ( P2 (  3399”*Bf *" (FI ) (FI ) " i  AETUAN 

110  POKE  V«21 . 0 «Af-"(P3 )01(CLR)(PI)00;P5)QO":ir  •»-—  THEN  Af-Al*" (»M7 |(P 1 ) (P2 ) 0001- .A*-" (PI J (PI ) • : 0OTO3210 
300  Al-Af  *BI  iCOSV/1  3300«AE--|ri|  (NHT|  (r2l0012"i»l-“|P*MPl  M  P* » |P1  )" 

210  IP  PE  THEM  At— Aft**  (F2  )  1 1  HAf  SUME  «••♦»*♦"  (P2)  0H1UN- iOOTO  3230 
220  AI-M*-(r2>iatlASiUHX  A"«B)«-(r2)ll»9" 

230  A0-Af*"f UlPOATED"*Bl**(F2 ) 1211PO01TION" 

240  A0-AI»-(rir4B94‘>(UANMP2)0123(PuU  trigger  to  b*gln>(r3)00-iQa»UB  JJOOiCOTO  32*0 

210  AI-AOt” (P2 ) 0723<pull  trlflQtr  to  contl*u«> (P3)00* tOOEU*  3300 

200  KA-0  i  IP  PEEK  (9*321)-127  THEN  M—l  iOOTO  3200 

270  IP  PEEK  1 1(321 10247  THEM  3200 

200  IP  PECK(S4321 1<>211  THEN  3200 

210  AETUAN 

300  AE-AOtSYE  01) 12 1 AETVAN 

310  POKE  213,  PNl(Jl) iPOKE  2)4. PNH (11) l POKE  2ll.S2.IY0  1C i AETUAN 
320  AIN  GET  AVERAGE  ACAC93  *-E  SHOT*  TOA  EACH  DIAGNOSTIC  OOOAE 
330  POA  12-0  TO  3 i *D ( E2 , 1 2 1  — 0 : KENT  12 

340  POA  El-0  TO  3 i POA  E2-*  TO  t iID (XI.  121-ED (11. 12) *10(11 . 12) tNlXT  12.11 

310  l- (E-B) ♦ 1 > POA  E2-0  TO  3i*D(E2, 12) -ID (12. 12) /EiHKXT  12 i AETUAN 

300  AIN  ROUTINE  TO  SEE  IP  EH0TI  »-E  PALL  INTO  RANGE  POA  ADVANCEMENT 

370  POA  J-l  TO  liH%(3)— OiNEXT  J i 0O*U*  3330 

3*0  POA  J-0  TO  3 if-12 lOOOUl  J010 iH4 (l)-H% (l) *1 iNEKT  3 

390  IP  (M* (1 ) >0)  OA  (H% (2) >0)  OA  (H*())>0)  OA  (M*(l)<2)  THEN  S-OiAETVAN 
010  E-l i AETUAN 

420  A*--|P))OI(r*)00(ClJ»)(PI)00|P7»00(rinL»LU)  (PJ)  110SLEV1L IP2  1 1701“  (CL) 

030  Al-Af ♦**♦"( OANKfl) 00 ll" i OlSUB  SlOOiPOKl  02). CL ilK-2 1  lOOSUl  S700 

400  AE-”(UAN)(P2)0723<PuU  tfl **•!  to  OOntlnu«> (P) )00* lOOBUB  3)00 

010  IP  PBEX(i0321 1-207  THU  AEtURN 

0*0  IP  PEEK (1*321)  0127  THEN  3110 

470  GOlUt  4*10 i IP  CL-0  THEN  RETURN 

410  OOTO  3420 

410  POKE  132*1. 4 3, POKE  13272, U iPOKE  1 II . 0 i AI-* (P* ) 00(P1 ) 00 ( P7 ) 00 ( CLA ) (SAN)ltart  lavali* 

100  AE-AIHTAI  (IL)  ♦•(OAYl )  (P2  il)HAAI*|02  (GAN  I  Pinal  livtl  t*4ETA9  (EL)  ♦"  (PO)  (BLUKINlnd  apaad:  * 

110  IP  (NX  AND  U)  THEN  Al-Af**  Varlabl*”;  iGOTC  3140 

120  A|-A|*ETR«((NI  AND  7)*S)**  MPH  "iIP  ((NX  AND  7)-p)  THEN  3140 

110  »*-*TAl(INT(NI/17)*l>  »••— *0**AIOHT| (B| , 1 ) i Af— Af ** (P4 ) "♦•• 

140  Af-AI*-(*LK)(P0) (Pll-iOOfU*  3300«POKE  Ell.OlilOlX  2S4.EL.POKE  121. OiSb-21 iGOSUl  1700 
ISO  t-154-((*LM)  OR  |El<!) )  *4 1  Af— CHRl  (E)**IP0)  Li  Balact  itirt/Pical  Uval  (PI )( ULU ) " 

111  E0-"(L*IU)"1  IP  (HI  AND  21)  THEN  lf-"!YEU»* 

111  Af-Af ♦"  N.  Nav  flr#r(P0 )"♦!$♦"  Ni  fat  Kind  fpaad(ff)* 

1*0  If —*OH  -i|»--(L»LU)*iIP  Cf  THEN  M-"off  "i tf-* ( YKLO)* 

170  At-AI*2f«,aCf :  Turn  •♦••♦CHRl (14)*-c*il  your  ohot-*CHAf  (34)  ♦-  option (POKLOLU)" 

100  Af-AI*uLPi  Light  pan  aount  ad)uau»4nt(p*)f0i  fighting  and  grouping  prograalPO)" 

110  GOfUl  1300 :bf-"2S0  aatar a* > EI-* ( LBLU)" i IP  El  THEN  B0-*all  rang#*” j Ef-- (YELO) • 


G-3 


(00  Sot  l#*Ol  1  t«cgot«  fo x  "*BI*-(FI)(LBLU)* 

*10  CLO0  T HEM  ••-~lBVAla*STRS  (CD 

*20  A|-A3*a  c i  Co  to  M||itl*an«bir  or  i«ttor"iXP  Cl-0  THXN 

•30  M»A#4"ir2>0023tUO|t«l*Ct  4  prtH  RETURN {LBIU  |(FI  )( PJ  1 00"  1  OOlUB  3300 

•40  AM*"tOMUl  5410  t  CM  IT?  (VA1  (Al ) ) 

•  30  IP  (t>-lL>  AMD  IKHl)  AND  (CL>0>  THIN  CL-l : HO$-aoa  iBL~0 :  At Ttf*M 

•  •0  IP  AI**NV"  THEN  NV-N©T(»U1 iOCTO  34*0 
*10  IP  A|-*tt-  THIN  WNOTCtt)  1OOTO  34*0 
••0  IP  At-*C* "  THEN  Cl •NOT (Cl) ;OOTO  34*0 
•IS  IP  AI-’EC"  THEN  BC*HOT(tCI tOOTO  34*0 
4*0  IP  A*-aNa  THIN  CL-Oi RETURN 

100  IP  A»-’Q-  THIN  RETURN 
710  IP  M«"l*  THEN  3*00 

320  ND|-ao*  t  Al-*  l  P  2  1 07  23  ( RED )  tumbor  4  proit  IE  TUAN  (f 2)0024 (BLUB  I Pt«rt  ltvol  (l-»)a 

330  OOSUB  4il0il»-A4tSL-I*T(VAL(All) SIP  (SI<1)  OA  (ll>9)  THEN  3720 
740  IP  (CLcsl)  AND  (CLoO)  THE M  CXI 
740  IP  BL-*  THEN  EL-fiOOTO  3410 

7*0  Ap--Tri)0024(UU«IPlnil  Iml  (•♦••♦*-*)•  tOOSUB  44 10 iBb-lNT (VAL (AS) > 

770  IP  ItLtlM  OA  <BL»*»  THEM  1H6 

710  IP  CL>EL  THEN  CL-tl 

7*0  OOTO  34*0 

•00  IP  AI<>*N"  THEN  3*20 

•  10  A|-a(Pl)0*(CUU»lnd  tffodoi  (PI )(P*) Typo  «  auNJbor  (1-3)  for  wind  opoodt (P*)(p|)a 

•  20  A|-A**a  li  0  NFR(P4)(P*)  2 1  10  IVN(PIMPI)  3i  20  »M(ri)(Pf  Hr3)OOaiOOSUB  >300 
130  A4— aa  iQOSVB  U10iNI-VAL(A»)  ;IP  (*I<1)  OA  (1I>3)  THEN  3130 

•  40  (NI~1 )  “2  « IP  HIM  THEN  N!-l*iOOTO  34*0 

140  IP  BI-0  THEN  34*0 

•  «0  A|**(P3)  0*(  CUM  Hind  Bffoctit  (P4HP4)Typo  •  (l-l)  for  «1a4  direction  i  (PI)  (PI)” 

•70  A|-A$*“  It  (P4101  (HO  V»lu«) (PI ) (FI )  2i  IP4)02  (H4lf  VftlUd) (Pll (Pi)  3>  (F4)03  (Puil  *«luo) (PI) Jfl )" 

•  10  4  1  (P4I04  (Hdlf  «t;u«)(ri)(PI)  3>  (P4 )  03  (No  vilu«)  (PI)  |M)  it  (F416«  OUlf  OdluO)  (PI HP! ) a 

•»0  7 1  (P4)07  <PuU  vftluo) (PI ) (PI )  It  (P4)0*  (Holf  V(luo) (ft) (PI) (P3) 00* lOQfU*  3300 

*00  A»-a“»QOSV*  SC10:IP  (VAL (A$) <1 )  OA  (VAL(A$)>I)  THEN  3*00 

•10  NI-«I*( <VAL<A|>-1)«32) »OOTO  34*0 

•20  1— '(A*-"LP-)-<AI-*|C-)«2iIf  X>0  THEN  120 

•30  OOTO  3140 

*40  AIM  iITVP  TOR  REPLAY :  CALL  ONCE  ll/OAI  ANY  TAACETI  PRESENTED 
*40  PORE  2041.43;  PORE  2042.43:POKE  2043.43:PORE  2044 , 43 1 FOKEV+23. 4  ;  POICE  V*2».4 
*40  PORE  V*40 , 1 1  PORE  V*41,0iPORE  V*42,OiPOKB  V*4J,liPCRX  V«4.4*P0K1  V*7, 1*4 
*70  PORE  V*f,  124 1  PORE  V**. If 4 : RETURN 

•10  lurNM(*07) .M.M»(N>124)*(N'12I) (OOSUB  3000 iHI*PttE(»00) <121 

**0  J-OtOOBUB  30*0iAI-*(PJ)0!(CUM  (P4 1 00  ( PI  M«HT)  AtA*dy  pO**«CR|  iXl-X  itHUDI  (CM,  4. 1) 

000  3-1  1  COBl/B  30*0iA»-AI*“(»HT)tlJMng"illl-CR|iX2-l 

010  CR*--(P2)30**-*l»t-CA#CR-«ir  XI >2  THEN  CR*-“ |P2 ) 44**a*t|*ao*" 

020  B*-“ («HT)bro«th  con-*CR| 

030  3-2iCOSVB  30*0 :*!-»•♦• |NHT ) tr lgg#r  •qa*CA| 1 OOSUB  32*0 
040  3-3 ;OOSUB  3090; IP  KI-O  THEN  CR*-“ { P2 ) 32** ( REDlRlM* 

044  If  IX1»3)AMD(X2>3)AND(Y1>3>AN0(HI-O)  THEM  tll-CBf(3) 1 SD ( 1, S) -CR ( 1*PS *4, 2 ) 

044  CM-*(Pl)  (f2)000l(LELV)*hOt  loc~*CR| t A*-A4*ll l«B» 

040  l-fNt*»rNNI»l4) :»•** (N>32747)*4$534:lf  (CL-lt  AND  (EE)  THEN  1-5 
0*0  PORE  IJ*.X*0A%C1.2> .POKE  I40,0:POKZ  441. Y*DA(  (2.  3> 

070  PORE  Vt4.231-M:PCKE  V*4. 17S-TJ 

010  Xl-AM(244MrNN(l47)*  (XtDA*  (2.  2) ) )  1  :Y1-ABSU91«  (PEER  »44*>- (Y*DA*  (t.  3)  > )  I 
090  X2-PEEJC  ( V*  1  •>  AND  230  1  IP  PNH(X1)<>0  THEN  X2-U  OR  1 
100  OOSUB  3300  . POKE  V, PNL (XI ) iPCKE  V# 1 . f HI (Y1 ) *  POKE  V*14,X2 
110  N*-l2l:POR£  V*14,  2 44 -DA %  (1.2)  :  PORE  VM4.200-DAI  (X.  3) 

120  ir  <TN»1>  ANO  ((Et-0)  OA  (CL<>1))  THEN  NS-192.POKE  VU2 . 24* :  PORE  VMS. 144 
130  PORE  l23.l:PORE  »24.l7ipORE  253.221.IYi  COiPORE  Ml,  1  if—  1  ilY*  *V 

140  POKE  V*21.HS  OR  •  1 AI-" (BIR  }(P2)0217(fl)  (AVON  |  ropiiy  ( BVOP )  (P3  )  00*  t  COJUE  3300 :  R-nni  (K  S) 

140  N-NMN>2S4)*(M-2S4>  :POKE  *21 .  N  :  N-N-40  1  POKE  133,  -N*  (N>0)  1  POKE  |M,1 
1*0  IP  (PtLK(IM)  AND  1 ) -0  THEN  41*0 

170  IF  (Pt«(4«321)-247)  AND  (P-0)  THEN  PORE  *14.  OiE-OiOOTO  42*0 
1*0  OOTO  41*0 

1*0  SYS  BANG t P-0 1  PORT  V«2l.Ni  OA  31 

200  A1-"  (ILR)  (P2 )  0217corr«Ct  your(PI)  *iqht  ilghttfl)  pllcMAnt  pl«CNNAnt"*CR| 

210  POKE  123.1'PORe  *24,2:POR£  243.0:SYf  COiOOSUB  3300if-lit-l 

22 0  ir  PEEK(S432l )*247  THEN  t*0:QOTO  42*0 

230  ir  PEER(4f32l)-127  THEN  3*12I:GOTO  42*0 

240  t*X«lsir  t<40  THEN  4220 

250  p-r»inr  r<>2  then  4210 

2*0  AI«w<BtR)  |P2)0017  poll  trl<}<g*r  (PI)  to  oontlnuo  if  I )  * 

270  OOlUl  3300 1 PORE  Vt2 l.NS  OA  lit*OiGOTO  *220 

210  P*0iP0KE  121 , • i PORE  124,2;  PORE  243,221t*Y*  COiOOTO  4140 

2*0  COSUB  32*0 i PORI  V*2 1 , 0 : RETURN 

100  A»0ilU0«N-PEERil3l)  ilf  N<2  THEN  RETURN 

210  FOR  J-0  TO  ) t  SD ( J, 2S)*0 i NEXT  3 

320  POA  *•©  TO  N-l i POA  J-0  TO  liSD(3,2S)-SD(J, 24) 4SD(J, t) .NEXT  J.S 
330  POA  3-1  TO  1 1  HI  { J ) *0  .  NXJCT  3 

340  FOB  J*0  TO  3  i  •DiJ/24)»XNT(  (SD  (J,  24) /N)  *  .  4)  iXEXT  Jjf2S»3-0  iOOSUB  3090 

350  A$**(P3)OS|P*|O0|FS>OO(f7)OO|CUkHUUntr:)O4OO(rUAumryi  lATAl-«STR4(C(.)4*(r«)(PSM«:T)AtAidy  poi*«CR| 
354  N4lE)f1%a)«liXl*SiSHMlD|(CB|,f,n 

3*0  J»1  lOQSUl  30*OiA*-A|*“(r»MNHT)ilJUHO-*CA#ia*(S)-H*(t)*l 
3(1  C*K(rI))0»»St»»*tA«OkMP  XI >2  THEN  CBI-"(P2  )3<f**4i|*»oX* 

344  AS*AI*”(Pf)(«HT)BrAith  Oon**CB4 

370  J— 2 iOQSUB  3O*0:AS«AI«”(PS| (HHT|tPlgg«r  iq-*CA| i Hi (E)-MI (l I M 

300  3*3 1  OOSUB  3o*0  iA|-M**(P*)  (ULU)ihdt  loc**CA|  +  *  (P3)  Cl  (f  1 )(  LORNI "  iH*  (I)-H%  it)  ♦  1 1  P(«  V*2I.O 
390  OOSVf  3240 1 A-0  i  *L-0  i  IP  HOST**  THEN  RETURN 
400  IP  H% (1) <2  THEN  4420 

410  A*(CL>SL>  iBL-4'Ai**-*two  of  ( PI )  (CZRT)youx  iUMury  •cor*t(Pi)If2 )  SOttvorA  poor IOOTO4440 
420  IP  (H%(l)-0)  AND  (Hl(2)*0)  THEN  A*1 i RETURN 

430  BL*4iB|**ono  of(P*)(C/RT)your  luaury  •cor#i(PI)  (C/RT)«to  poor  or  bolon(fl )  (P2 )U»»»vor*go . ■ 

440  A|-"IP3)0t ICLAKREDKP1  MPf  MPI)  You  oro  Doing  lont  (PI)  (C/AT)  b«ck  to  Lov*i-«fTRf  (CMA) 

440  Al-Alt*(P*)  NCJUII  *«••♦"(  PI )  ( LOAN )  ”  I  OOSUB  32S0iRETUM 
440  POR  Z-B  TO  E«I:POKE  14324*1.244 1  NEXT  S 
470  FOR  TOf  i  Sl-INT  (AND  ( 1 )  *  (E- BH  ♦» 

410  IP  PEER (143 24**1) *244  THEN  PORE  14324*11 , 1 1 OOTO  4410 
490  11-11*1 ilf  f 1>£  THEN  11-B 
500  OOTO  44*0 
4)0  NEXT  1 .RETURN 

420  OOSU*  3310 i Al**L*"(|TA| (Cl) ♦" J  T-  0 |R«**STR| (Rf ) iOOSU*  4470 
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15)0  TM-TM*litf  TV-EO  TKU  1-OtMTVM 

1540  If  CL«1  THEN  4570 

1550  AD-rwH#?<>  tT-PEEK(AD)  iAD-ADU 

1540  POM  1*1  TO  T:ftl-lKT((<PKftK{A£>45>*2)/5)4.ft)iPOK2  A2*S,  ftl  i  AD-AD+ 14  :  HUT  ft 
1570  AD—14SllMCL-!»-im0MCl*-4)-lDft0PMCt>d)4|049M<CL>4)  AMD  (AP>01) 

1510  l*AOi!r  PEEK PftEI (199)  THIN  1-ftU 

15*0  *E-0 1 ft«ft*!fti POM  SStlO.ftCiOOtUft  !710iPOKE  V*2l.0iXP  ft-121  TUI  AETVRH 

1400  IP  M4  THU  (Tfl  HH 

1410  IP  »IU(IU1<)0  THU  4410 

1U0  »i-(iimiuiO(U*ii»n*7$oiroM  »-i  to  siimxT  ftiooro  pijo 

1450  Af-*(f)l09(r4l00(CL-M(P5|lS(P7|00(ELIl)a>OMUE  MOOtPOO  7P|, PvL(flP) iPOKI  7I4.PVH<CP> 

1440  POO  1 51. PHI (1 1 i POKE  15) ,  PHH  (ft)  i  ft -TV  i  IP  (CM)  AMD  (U)  THU  ft-! 

1450  POO  ftlO.ftiPOO  ltl.Hift4-UftE<0)tIP  PEU(l24)-0  THU  UTVM 

1440  Aft-*(P2)0402H#rf  1*  yoar*+ftm(PUK(ft24)  M*  round  phot  troup*tft4-ft4/PW(4»4) 

1470  IP  PEEj(<t25)>0  THU  Aft-A»4"(Pl  lOIMMtM  (PIWIP25) )  ♦"  phot  (a)  «ft  »«{••* 

I4«0  Aft-AJ*a (P2  1 1404*4pTA|  (l*501  ♦"  Mttti* 

14*0  004  VI  moipoo  41245 ,  45 1  AftTVRN 
1700  IP  *-♦  THU  AITUAH 

i7io  n*oiu-pft*io,ftwup(ft)i)*iii4-o»poia  7I5.p*l(GP)iP«i  tm.pvkop) 

17)0  Aft-Aft*” (92 )  1505  (QAJI)HltO  (92 13119  (MED)  Hit  9Pi  (YE1£)  (P2)2*9*Mo  HUP  (pi  )(fl)*  lOOiVl  2500 1  ft  1-0 1 12-0  iK5-0 
1750  AD-I 1 +91*140 1 POM  1-1  TO  4tPOO  251,  UMAX))  i POO  2!2.PMM(AD) 

1740  POKE  Ml.HiPOO  M0.12P4I 

1740  14-I4+U*A<0)  tAft-"(LlLU)  (P2) 0I99*+*TR# (1*!0) 4a  »atft-*B«) t MAI  (I, ft+S)«#ttK (910) 

1740  DAI  (1. 44ft) -PEEK  (111)  iDA% U,  74ft)-OA%  (l.Pft) -PUUUI24) 

1770  IP  DAI  (1.74ft)  <6  THU  DA%  (I,  7«t)-0 

I7ft0  Sl-ftl«PUK<»10)  iU-X2*pm(*ll)il5-l)4DA%  (1,74ft) 

i7*o  At^Aft^toMiiPiuiMrpmKPtttmou^iiitOMPDmM-piTmKPuiminp^iytboMPi)!)*** 

1000  A4-A!«lTR»<DAI(I.74ftM4-(PIMP4)*tOOttfB  5500, HUT  Itft4-S4/M 

1410  A2a” ( P2 ) 041* ( 1§5U ) TOT AL ( P2)  1  SPPiOMN )a4ftfAft i tit ♦a(P2)22P9(MH>) a*MTM(B2)4** (PI  152*9 (YlLO)a4ftTKI (15)4"(PI)(P0)“ 

1120  AP-A)4*(l»tgMPJl04**P«fiPltlP*ta4lT»$(PftU(*l2))7*(Pft)* 

1110  ft 5-9  iQOftl/l  5lOOiAO-A*4-iL2UJ|  (P2)04**fthOt  location:  "4 A I OUT ft (CMf, LU  (CM) -4) 4a(M )• 

1140  ftl-a(P2l  14»* (aim Ifttanurd  MtUCAJf )"iXP  ftl<l»  THU  lft-"|P2) 129*(AtD)*tPftdErd  Dot  MtlUM)* 

1159  Af-A»4ftf tOQftUB  1250 i AftTVAH 

1140  AD-PHV<174)  » TV-PEEK  AD*  3)  itl-DA«(TH.4) 

1470  I-((IlrT<UD(n*45))*2)471iPOU  AD4l.Xit-PftU(A£H2»  iTJ-ttEK  (AD*U  I 
IPI0  TJ-TJ* (TJ> 12  7)  “254  i  If  TN-1  THEM  POO  AD*1S,X44P 
1490  t-< (TN~l)*NT)4ftliPOKE  134 . ft i AD-11 *ft« I t POKE  AD+7,1 
1900  POKE  100. 255 1  POME  AD. 2iSiOO*VE3950 

1*10  Aft-"L—“*ftTA$ (CL) 4" IT— *4ftTM (I) *" I A-"*ftTA$(AP) lOOMVM  !570iPQKE  X2*7**4|,AP 
1920  fl-0 t ft-XPiQOSUft  5710 ) POKE  171.0 

11)0  Hl-(PtU(9Q0)<120Mir  »<>1*4  THU  DAl  (TH.  4) -DA4  (TV.  4)  4l 
1940  IT  »>43  THIN  AftTVAH 

1950  POP  t-1  TO  S:H«U)-0iknrr  ftiV-rW(907l  tV-V*(W>l2l)MV-12ft)  jCO*U1  5000 
1940  >OiOOfU)  3090  i  Aft-*  (P5 )  05  (CLA )  (Pi)  00  (Pi)  (VMT)Ptoady  p«aa«CM  i  HI  (ft )  -M4  (ft)  *1  iXl-ft 
1970  ftft-MXDKCAI.4.1)  iJ-liCOftUl  5090»A*-A|4-(HHT|pUPino-(»l|-CM|.N*lft)-H*  (ft)*i 
1910  H2-ftiCMft-*(r2)5099'>4ft««-eDPCk'>iXr  Xl>2  ThU  CA4--(r2|3d*»"4»ft4*ok" 

1**0  ■♦-“(NHTlPtPith  con"4CT.I .  J-2  i  OOP  UP  5090  » Eft-Eft*  a  (MHt  1  trlffor  #4*4C»| 

1000  Hi  (ft)  HI*  (ft) « 1 i J-5 : OQPVE  5090$XP  Hl-0  THU  C*0-a(P))5291(MED)Hl»P" 

►005  CA5— *  (PI )  (P2 ) 000ft (LELU|  >Kot  l©Oa*CAftiM4  (ft)H4(ft)  *1 1  Yl-ft 

.004  IP  (XI  >5)  AHD  (X2>5) AND  (Yl >5) AND (MI-0 )  THU  ftlft-CM  (5)  I  SO  ,*1 ,  »)-C*  U*P**4. 2) 

.010  A»-At4tl|4ft|.00ftUl  5210 1  IF  (H%(l)-0)  AMD  (ft>2)  AMD  (HI)  THU  5040 

1020  OOS UP  4050i  IP  ft-120  TKU  AETVAN 

•030  ip  xorr*4  tku  oosvm  mo 

1040  IP  HI  TKftN  DAI (TV, I) —DA* (TM, !> *1 

1050  AITUAh 

1010  PDA  J-0  TO  5  ilC(  J,  25) -ID  (9.  25)  /)  t  HUT  2 

1070  A-ft ( E-I i ft-2 5  >  J-0 i DOS U ft  5090  s Aft-* (F3 )0S (P4)Q0(P5) 00 (P? ) 00  (CL* ) (MHT  J (PI ) atPPdy  po»”*CAft i Xl-ft 

1010  ft I— MIDI (CA|, 4, 1) i J-l i 00309  5090 i Aft— Al** (NHT ) aiding " *C*6 

.041  CAl-“ir2l5099-«»f4-ch*c*"i!f  Xl>2  THftM  CAP-" (P2 ) 54 99* ♦ ft #4 •ok" 

1015  A4-Al4-(NMT)fctP*tb  e©n“*CA| 

1090  2-2 iQOPUl  3090 lAft-Aft*" (KMT )triftftar  aft"*CAI i J-5 iQOftVE  5090 

1100  ft-A  i  ft-§  :  COJU1  3300  i  POKE  7I5.PAUCP)  (POME  744.  PHH  (CP )  I  POKE  25l,PHL(ft) 

1110  POKE  252.  P*H(l):  POKE  MO.SiPOKE  Ml,)tft-UftA(0)  tAft-*"* 

1120  IP  rtCK(125)>0  Then  A»--(»UMF2)0*21-*ftTA|(PEtK(023n  ♦"  *hot(*»  ofr  acrapn* 

1150  POKE  125.  P:POKX  I24,1!:P0KE  255,15iftYf  CO  i  Aft-AI*”  (PNLCH  LOAN  )  *  ,  OOsi/E  5250 
1140  POKE  53245,  43:  At  TV  AH 

1140  A4— A$4*  |P2)  1503  (CAN  |  Hit  •  (F2  }2199(  AXD)Mlaa«f  ( YELO)  (P2 )  2999Ho  Plppa  |P1 )  (PI  I  *  lOOfUE  5)00 

1170  POO  7P5.PNl.lCP)  (POKE  714, PHM  (OP)  iHt-0 iPU-0  t  VP-0 ift4-0 

1110  FOA  X-l  TO  4 1 POME  251,  ULll  1 )  (POKE  252,PMH(U)  iPOKE  111.  PEEK  (111) 

1190  POKE  110, 121*1 !ft4-I44U»A(0)jA4-*(LEtP)(ft)0!99*i»TA|(I«)0)4*  ■' 

1200  HI-H24PEEA(910)  iMIHa«PEU(911)  Ift5-DA*(I,4)-PEU(124>  tXf  »)<0  THEN  ftl-0 

1210  VP— VP4ft  J  t  Aft— Aftt*  (CAN )  (f) )  15*9“*PTA4  (PEEK  (*10) )  ♦•  ( AED)  (P2  )  2299B4f  TAft  (PP^PItll)) 

1220  A«-Aft4-nrtuOKP2)5299a4»TAft(E))4a(pP)(Pi)a,OOfim  5500>VLET  Ii»«-t4/Pr  '  »•) 

1250  AI-*  (P2 )  04*9  (1,9  LO)TOTAl(PI)  15*9(<2AV  )*4|TA4  (Hi )  <  *  (P2)  229 9  ( AED  I  ‘♦•TA5  (K.i  ♦*  (P2  )  5299MTELO}  •♦»TA|  (VP)  ♦“(Pl)(rt)(ri)a 
1240  00* VE  5420, Aft-Aft 4Ct | iOO*Ul  5250: AITUAH 

1210  Aft— *  (Pi)  09(94)00  (PI)  00(97)00  (CLA)  (AED)  (EHVC)  (PI )  (92)05024  fttAdUPotPlP  of  (F2 1  OJOirlfl*  MrkaMnpblp* 

1240  Aft-Aft 4" (CAN) (92)0109(91) ,  (pl)ftOPdy  POPltloa(P2)0112(Pl) .  (PI )A4»ln9(r2)0111(Pl ) .  (Pl)lrppth  Control" 

1170  Aft-Aft*"  |P2)  01  H(fl).  (Pl)Trlf«0)  *^UOOl#(Pl )  ( LOAM )  ■  1 00*U»  ftlftOiRETUA* 

IftlO  Aft— *| 92)09(94 ) 00 (95) 40 (97) 00 (CLA)  (MED)  (IVLCI  (PI  I  (92 (0407 You  Old  Dot  mt  J 92)071  Otho  PtPAtford.* 

15)0  Aft-Aft4a(P2)02l5PropPto  to  raflrp. (91) (LOME) (P2 )0425<Pull  trl««#r  to  »#tlO>{P5)00"i»C*2 
1540  COftUE  5)00 , OOS VE  5240 i AETVA* 

1550  Aft— *{ 95 ) Oft (94) 00 1 Pi )00 (97)00 (CLM)  (GMV)  (tVLC)  (91)  (92) 0709ft tpodprd  EOt .  (92) XlDCOOtlDUO.  (P5)OOaiOO*UE  2100 

1440  POM  1-1  TO  OOOiREXT  tiUTUU 

1170  ft»-*ait9  ((HI  AMD  7)  *5)-0  THUS400 

1540  Eft— ftTAft ( ( (Ml  AND  2241/32)41) 

1190  Aft— ” (P2 )2400M-a4ftTAft ( (HI  AND  7)  *5) (94 )0*4MICHT» (Aft, 1) 

1400  Aft-a(HCMft)(iLK)(AVOH)(f«iC|a4Aft4»|4a(rd)Oa4CMAft(EC44l)iOO*UE  5)00 1 AITUAH 
1410  Aft— Aft4"7  ^  (C/Lf )  (C/Lf )  (C/Lf )  (C/Lf )  (C/L9)*iCOftUE  ftftOOiEft-** 

1420  CET  Aft i IP  Aft-**  WU  1420 

14)0  XT  (Aft-CHAft  (I)) )  OM  (LU(»5)>5)  TUI  Aft-" (C/UPMPP)* lOOMUE  2)00 1 Aft-Eft i AITVAN 
1440  IP  AftOCHAft  (20)  THU  >470 

1450  IP  •#<>**  THU  E»-LErT»(ftft,LU(pft)-l)  iAI-"  (C/LP)(C/LP)  (C/Lf  1  /(C/LP)"  iCQSUE  5500 
1440  OOTO  5420 

1470  IP  (Aft<*0*)  OM  (Aft>*za)  THEM  1420 

147!  If  (Aft >-*»*)  AMD  (Aft <-"**)  THU  Aft-CHAft  (AftC(U)  OM  12ft) 

1490  Oft-Eft^AI iAft-A|^*— (C/LP)*iQOftUD  5)OOiOOTO  !I20 
1490  POM  E-12  TO  12454)  9TEF  liPOME  ft,2ft»iHUrr  ft : AITUAH 
1700  POKE  49141, liiftYP  4*142 > AtTUAN 

1710  POKE  7*5, 10 i POKE  7p4, 1 92 i POKE  4914ft, »»J»-U*A(t) iAETUAN 
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>720  KXS  231.  1  iSfr»12iOOJU>  >70CiA4«"”iOOIU»  JJtOiPOQ  V«21.0 
me  ii-j27«iiij-7,oojub  iiioiwaui  sitoiUTvim 

>740  IP  Ml-0  TKIH  UlTVTMl 

>730  Al-tTM  (  (HI  MTD  7|*>)  tM-»TM(lMT(M!/32)M)  iM»*0”*A1CXT4  (1$,  1 ) 

mo  Ai-*<r3)OMr$ii7(r7|oo{cmH*L*nFn<r2iotOi»inD»»4W»-  *9*  (F4),,«Diiii--(p2)0703Off4«t 
4770  t-lITT <*!/!*)  I  If  (lot)  AJD  (104)  TKtN  3400 

1)10  U«*(P2)0204<ttln4  tovtrlt  you)»iIF  4*0  TKtl  M”'”(F2 ) 0004  (wind  i*iy  fra*  you)* 

>7*0  M-Mt-iri (0407110  offiit  Mi4«d* 

>100  AI«A|«B««”(riHF2)311130Q  ■(22)1*13130  *(22)071330  •"iQOSU*  3300 
>110  POM  231.2  t IB*12  tQOIVD  3700  t A0-*  ( ILK  )  *  1 0O4U1  3230tPOXl  V<21 , 0«  MTVM 
>120  CM-*(F2)l7**|OM)K«MrtailF  11104  TH1W  CM** (F2)l4»* J  LOAN  Uhifpihootif 
>130  IF  BU30  THU  c»»*- (Tin  4*3  ( mot  Kirk  «*jn- 
>140  IF  Ht<23  TtUN  CM--(FlU4«(«0)Wr»qviillflt0“ 

>130  IF  (M%  (0) •! > XjfD ( Ml>22 )  TWU  Of-"  ( nu>)Kir»ain  (bociu**  you  hid  to  r«Urt>* 

>l>0  MT VW 

•000  MM  THC  rOLLOMlMO  St  TQ  CAtTtAlOM  POA  0006,  AVthAtt.  MUM  AVMAOA.POOft 

•010  DATA  2.1.  3,  0. 10.  Si  MM  IF  tVF 

•020  DATA  1. •<>.*. 4. >,*iftU(  AIM  »UF 

•030  DATA  2.>.l.l.lO.*tUM  T>  tVF 

•040  DATA  l.U.M.IJiUM  IL  IDF 

•030  DATA  4,«.I,*.S, 111 AIM  IF  OKI 

•000  DATA  M.M.lliUM  AIM  VMt 

•070  DATA  4,7,11, 14. SiAlM  Tt  0V1 

•040  DATA  2,4.3,1,11 1 AIM  IL  (HI 

•0*0  DATA  It, 31, 10, 24 i AIM  BITS 

•100  DATA  1 .3,3 . >. |. >. IiAIM  ACCVRACY 

•110  DATA  3, 2. 47, 34, 1,4.  3, 13. 37, », 4, •,U,  13,  » 

•120  DATA  4.4,11, 13. 4. 3, 2. 11. 13. 7, 2, 1,11, 14, 4 

•  130  DATA  * (F2 1  32*3 ( AID) poor* , *(P2 ) 229* (OftMC) Dilo*  4*^”. "(F? ) 2499 { Y1LO) avirigi”. * (F2 )S2**( LQUt  )good 
•140  DATA  * (P2) 22*3 (an }*k col l«nt” 
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•0*00 

/•nu.MOO.m  re#  •**  cartridge 

JW  maju 
JHP  DSABLE 
JKP  ROT ATI 
•JKP  mvxi 

JW  NOTT*G 
JW  RANG 
JW  WAIT 
JW  ECSNt 
JKP  MATH 
JW  AW  IOC 
W  MDIM 

JW  EHTW 
JKP  COLORS 
JMT  VHim 

JW  HIECOR 
JW  IXTTAA 
.OPT  MOL 

prgnvm  Mf  1*1 
ails  vs  hum 

I  convention!  otto 

/Procedure  xxxxx 
/Purr ott  or  procedure 
intuiAtY  actioni  ttroM*  call 

;HC*  TO  CALL 

/■MAT  USSR  CAM  EKFSCT  AFTER  CALL 


.Lit  MACROS-VAAl 
.OTT  MOL 


j!20'10J3  U  (MUSED  If  HO  CASSETTE 

CHOICE 

•120 

ATOP 

HOLD! 

HOLD! 

■APT 

HOLD* 

SOLDI 

•12? 

NUHAD 

NUMR20 

HOLD 

DELAY 

CUR1 

OffX 

OFPY 

-13* 

IH0TI  -111 
into  -*)t 
El  1*0  -MO 
IUIRQ  — •*  1 
11*1*0  -«#2 
HSIRQ  -1*3 
HA 1*0  -•** 

Hi  1*0  -M» 

HA 1*0  -•** 

XV A L  -1*7  / X  MULLET  STRIKE 

TVAL  -E*M  ft  MULLET  • TRIKE 
*0*TAf  -MM  r  ♦  *DCS  TO  »0*T  ATT  A* 
tTAUE  -132  »♦  TO  PV7  IN  ARTMUF 

MTIUT  -111 
CU***T  •1*3 
MOLDY  -•** 

TRAJ  -•*« 

IRQ  -*«7 
•ACOL  -•*• 

*0COL  -HI 
flags  -ato 

COD  El  •ATI 
CODE2  -173 
COLO*  •»73 
otfecr  -174 
MATSEC  — A7I 
TARO*D  -17* 

CRBDLA  -I7A 
CVRTr  -E7M 
MOLD)  -MO 
•OLD*  -Ml 
CVRTAR  -M2 
CVR2  -Ml 
1*02  -M4 

COPY  -M> 

COOK)  -MM 
COOK*  -Ml 
TAAPRA  -IMA 
NUMRlO  -AAA 
tOLOAD  -MMl 

mitepr  -id 

sum  -•♦# 

■sits 

TIMM  -•*’ 
ftTAT  —Ml 
MAXJHT  -mm 
laatah  -too 
■m  — mio 

Mill El  -Mil 
RENAL  -M12 
MAXVAL  -Ml) 

■IND  -Ml* 

*D*lfT  -Ml) 


•HOT**  -Ml  7 
CVANUH  -MIA 
1*0)  -M20 

MO*COL  -M21 
LRCHTX  -M2  2 
LMCMEY  -M2) 

RAN*  -Ml* 

1NJTA  —MIS 

/next  one  at  mii 

CKNX  -:)M72 

curt  •lino 

TARNVM  •DIM 
men  -dim 

YDRlFT  -DMO* 
kdrift  -DMD 
JlffYI  -DM20 
TWtPL  -DM2A 
llltl  -DM)* 

CDLtTK  -DM** 

DLRTR  —DM  IE 
LKJfttR  -1*313 

ADO  •IM4P 
CHElM  -I  PTC* 

CKROOT  -I  ETC* 

CHAIN  -IfTCT 
CLONE  -AMTC3 
CL* CRM  -I free 
CM* OUT  -IITD2 
DIVIDE  -IU12 
RA1IC  -IMMC7 
EA1PA2  -IMCOf 
fAlMSM  -IMRD4 
FLOAT  -IRSMl 
Cl?  IN  -IFFK* 
load  -AFTDS 
KLMFA1  — IRRA2 

MLKEA2  —IRA  AC 
KLTMLY  -ARA2A 
OF  EM  -IFF CO 
ACTLFS  -MFTRA 
•ETNA*  -IFFRO 

eq*t  -urn 
aubtrt  -arid 

UMfLO?  Him 
v  — ADOOO 

•ID  —ID* 00 
TWO  •1(112 

XLTM20  —40**0  /UNDERNEATH  ROM 
TLFI20  -4i*7j  / UNDERNEATH  ROM 
N7GM20  -41MA*  / UNDERNEATH  ROM 
VTCR20  — *24**  / UHDEANEATH  ROM 
XLFMO  -43001  /UNDERNEATH  ROM 
YlFMO  -432*4  IVNDIRNKATH  ROM 
XLFAMO  -43520  / UNDERNEATH  ROM 
TLfAIO  -49*10  /  l/NDEANKATH  ROM 
XTOA*0  -431*0  /UNDERNEATH  ROM 
Y?CA*0  -43*10  / UNDERNEATH  ROM 
INFO  -43*40  /UNDERNEATH  ROM 
INTO)  -43MA*  / UNDERNEATH  ROM 
HLDRUf  -44321  /UNDERNEATH  Rtt 
JNIRUT  —4**40  /UNDERNEATH  ROM 
/NEXT  AT  44920 

LETRUf  — $ |7*f  /UNDERNEATH  ROM 


MAC 

D1HC 

i  DOU1U 

INC 

71 

(PRECISION 

AMS 

72 

/ increment 

me 

71*1 

.MND 

MAC 

ADD* 

/MtVE  LO« 

LDA 

#<72 

/RYTE  OF  72 

i?A 

71 

/INTO  71  AND 

LDA 

#>72 

/HIGH  ITTE  car 

iTA 

71*1 

ill  INTO  7141 

.MND 

.MAC 

MOVE 

LDA 

72 

ETA 

71 

LDA 

7241 

•TA 

7141 

•  MND 

.MAC 

PRINT 

LDA 

#<71 

LDY 

♦  >?1 

JER 

IAS1E 

/PRINT 

.MND 

.MAC 

DADD 

LDA 

71 

CL C 

ADC 

72 

•TA 

71 

LDA 

7141 

ADC 

72M 

ETA 

7141 

.MND 

.MAC 

PLOT 

LDY 

♦  71 

LDX 

♦  72 

etc 

JAR  APTPO 
.NND 

.MAC  DSPL 


IDA 

#72-71 

•TA 

LIMIT* 

IDA 

♦  <71 

•TA 

•A) 

LDA 

#>71 

•TA 

•A* 

JER 

LETHL 

.MND 

.OPT 

LIST 

.END 

.OFT 

NOL 

.LIE 

IRQ* TUFF 

iikQtnrrr  r*  *iw 

iMkOCUUM  IS  ABLE 

l.llUUXS  X*Q  TO  tam  esasisos 

/Ri  NOME 

/C i SYS  SNARLS 

/At  NONE 

•MARLS  SSI 

LDA 

•  0 

ETA 

1433* 

LDA 

1)241 

AND 

#127 

ETA 

1)2*3 

LDA 

#2)0 

ETA 

1)21* 

LDA 

♦  ) 

•TA 

1)27* 

LDA 

13273 

•TA 

33273 

AD  DR 

1)1*. START 

LDA 

♦  0 

ETA 

CVRl  ; 20  RDGI  IP 

ETA 

CVR2  / *0  RDGI  IP 

ETA 

1*0 

ETA 

RORCOL 

ETA 

NVMRD  /•  READINGS  R 

•TA 

fORTAF  /♦  IORT  AFTER 

LDA 

♦  3 

•TA 

ATIItE 

LDA 

♦  1 

ETA 

HAT  ISC 

ETA 

H7IRQ 

CLI 

RTE 

/PROCEDURE  ORARLI 

/RETURN!  INQ  VECTOR  TO  NORMAL 

;B: NQNT 

/Ci EYE  DEABLE 

/At  NONE 

DEAR LI  (El 

LDA 

♦  1 

ETA 

•4)3* 

LDA 

1240 

ETA 

1)27* 

LDA 

3)27) 

ETA 

*)27l 

ADD* 

S314.IL01 

CLX 

RTE 

/PROCEDURE  START  (IRQ) 

/ INTERRUPT  CONTROLLER  ROUTINE 

/ IRQ  HAS  THE  FOLLONlNO  VALUES i 
/1)A i  TAKE  READING A  RtFORE 
/  44/  TAKE  RXADINOt  ATTE* 

;  32 i  GET  COLLISION  DATA 
/  14:  SOUND  NEEDED 
/  Mi  HA1TIM0  fOR  TRIOCER  RELEASE 
/  4 1  SHOT  HAS  RM  FIRED 

/  2 1  HEM  TARGET  plEAELt 

/  li  NO  SULLETS  LEFT 

/ 1RC2  MAS  Tift  FOLLONlNO  VALVES i 
/  DAi  RETURN  AFTER  ONE  SHOT  FIRED 
/  44 1  RETURN  MIEN  NO  TAROETS  CM 
I  32 i  NO  HIT/MISS  DETECTION 
,  Hi  NO  CROSS  D  ISP  LA  TED 
;  At  CROSI  TOR  MI St  ONLY 
/  4 i  NO  DATA  SAVE  TO  1NF02 

/  2 1  DISPLAY  TARGET  NVMRtR 

/  1 i  REFLAT 

/TARORD  (TARGET  ORDER)  It  SET  UP 
/IN  TRE  FOLLOWING  MANNER* 
lITTE  Oil  TARGETS  tMlt  MALT  RECORD 
,  ) : I TART I NO  X  COORDINATE 

,  J  i  START  I  NO  Y  COORDINATE 

/  ) i TARGET  #  (TOR  ID) 

/  4 (TARGET  tPRltt  POINTER 

/  StllT  7 i RET  to  EXPAND  1 
/  4 1 RET  tO  EXPAND  f 

/  » (RIGHT  % 

/  0*) (SPRITE  COLOR 


4 :  TIME  LIKIT*2  (SECONDS) 

? ; DELAY  (FOR  DL9TK, CDLSTN) 

1 1  INCREMENT  (FOR  lNSTN) 

•i TIM2/FLICHT  (#PIX»LS/BYTS) 
10iX  DR ITT 
11  iT  DRIFT 

12 1 BIT  ?  t  WOT  A  TARGET 

4: AX Vt AJt  DIRECTION 
4 : TAA  MORE  THAN  I  IfR 
4 ; DOW ' T  IRC  TRAP RE 
2-0:#  TAROTS 

11 1 X  CENTER  OF  KM  I  OFFSET/2 
14 1 Y  CENTER  OF  HAJS  OTF*tT 

INFO  It  SAVED  At  FOLLOWS  i 
»TTX  0 i TARGET  *  (FOR  ID) 
liBULUT  tn 
2 i BULLET  Y 
3 i TAA 91 T  X/2 
4 i TARGET  Y 
i  S i MUMA2 0  (LOW) 

f  4i MVMA20  (HIGH) 


XTAAT  LDA 

14 

AIT 

11273 
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CONTJN 

LDA 

532?3 

BtA 

si2?i 

JI9 

irtBc 

COXTIN  LDA 

53241 

AXD 

#127 

•  TA 

51241 

LDA 

#210 

BTA 

51244 

LDA 

51271 

BTA 

51271 

LDA 

1RQ2 

AND 

#1 

BBO 

1 AQO 1 0 

JNP 

REF LAY 

IRQ010  LDX 

¥♦10 

;  BFR/SPR 

LDY 

¥♦11 

jBMITB/OATA 

LDA 

IRQ 

AXD 

#12 

;  COLLISION 

•CO 

IRQ020 

BTX 

SSCOl 

•  TY 

BDCOL 

LDA 

IRQ 

/CLEAR 

AXD 

#221 

;  COLLIBIOX 

•TA 

IRQ 

;  FLAG 

IAQ020  LDA 

IRQ 

AXD 

#14 

•to 

IR0C10 

i  FLAY  AXT  IOI/KDI  HERE 

1 ROD 10  LDA 

IRO 

; WAITING  FOR 

AXD 

#1 

i  TRIGGER 

BIO 

IAOOIO 

i  RELEASE? 

LDA 

54121 

/YEBtHAB  XT 

CKF 

♦  247 

l  beer 

•to 

XRQ040 

(  RELEASED 

LDA 

IRO 

/  YXJiCLEAP* 

AXD 

♦  247 

/  FLAG 

BTA 

IRO 

ZRQ040  LDA 

CRJDLA 

/CROSS  ORT 

BtQ 

IRQ040 

DEC 

CRSDLA 

•Ml 

IRQ040 

LDA 

KITSFR 

/TURN  OFT 

COR 

•  251 

;  CROSS  AXD 

AXD 

¥♦21 

/  AXT  HIT 

BTA 

Vt  J  J 

/  TARGET  LEFT 

•  IT 

IRO  2 

•VC 

IR0050 

CMf 

#0 

in 

IRQOSO 

LDA 

IRQ 

AXD 

♦  41 

BTA 

IRO 

JMF 

BEA11 

/NORMAL  IRQ 

1AQ010  LDA 

#0 

BTA 

HITSFR 

IRO040  LDA 

IRO 

/TAW  AXY 

AXD 

♦  LB2 

/  MADIROS7 

BXt 

XR0070 

LDA 

•  0 

BTA 

CUR1 

•TA 

CUR2 

BTA 

•ORCOL 

JHP 

••All 

/NORMAL  IRQ 

1AQ0T0  LDA 

BTB 

/SAVE 

FHA 

/  #F»  AXD  #FC 

LDA 

•FC 

f  HA 

DEC 

HAFIEC 

/■EM  TARGET? 

•10 

IRQOSO 

l  OR  TIME  LM? 

JMF 

1A0250 

/ VOT  TIKE  YET 

IAOOIO  LDA 

♦10 

/RESTORE 

BTA 

HAFIEC 

/  HALT  SECOXD 

MOVE 

BfB.TARORD 

1RQO90  LDY 

♦251 

LDA 

IRQ 

/IS  TARCET 

AXD 

#2 

/  CHECK 

•ME 

1RQ140 

/  DISABLED? 

LDY 

•  0 

LDA 

(#FB).r 

;  •  TARGETS 

CHP 

#215 

•HE 

IRO100 

LDA 

•  12 

•TA 

FSTAT 

DfXC 

TARORD 

LDA 

IRO 

/DON'T  TAKE 

AXD 

♦  41 

/  AXY  MORE 

•TA 

IRQ 

/  READINGS  IF 

JMF 

IRQ140 

/  NO  TARGETS 

1*0100  CMF 

#254 

•ME 

XRO110 

LDA 

IRQ 

ORA 
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•  TA 
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JMF 

XRO140 

XRO110  CKF 

#253 

/WHISTLE? 

•XE 

IROllO 

LDA 

OFT ICR 

.‘SET  FLAG 

ORA 

•  1 

BTA 

OFTBCR 

XR012B  DINC 

•TO 

JMF 

IRQ# tO 

IROllO  CMF 

#121 

/DELAY 

•CC 

IROllO 

BBC 

BBC 

#1 

BTA 

(#FB) , Y 

CKF 

#121 

BEQ 

XRO120 

DEY 

IRQ140  LDA 

#0 

IRQ150  BTA 

Hi  IRQ 

/TARGETS 

IXY 

LDX 

♦  ? 

LDA 

#121 

•TA 

Hi  IRO 

/  SPRITE  BIT 

JRQ140  LDA 

A3  IRQ 

EOR 

#255 

/ NOT  BPR1TB 

BTA 

H41RQ 

i  BIT 

LDA 

¥♦21 

AXD 

HI  IRO 

BEQ 

XRQltO 

/SPRITE  orr 

LDA 

Jimi, 

X 

•Ml 

IRQ170 

/NO  LIMIT 
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JIPTTS, 

X 

BXt 

1RO170 

/MORE  TIME 

LDA 

H3IRO 

/TIME  LIMIT 

ORA 

OFTICR 

/  HAS  EXPIRED 

BTA 

orrscs 

LDA 

•  12* 

•TA 

JlFFYS, 

,x 

LDA 

OfTBCR 

/HAS  TIME 

EOR 

#255 

/  EjOIRED 

AXD 

¥♦21 

/  ON  ALL 

BXl 

IRQ170 

/  TARGETS? 

LDA 

#64 

•TA 

FBTAT 

IRO170  JMF 

IRO210 

IROllO  LDA 

HI  IRO 

/AXY  TAR  NEED 

•to 

1 RQ 1 7  0 

/  DISPLAYING? 

DEC 

HS1RO 

/OKI  LESS  TAR 

LDA 

H4IRO 

/CLEAR 

AXD 

¥♦21 

/  EXPAND  Y 

BTA 

V4J1 

LDA 

H4JRO 

/CLEAR 

AXD 

¥♦2# 

/  EXPAND  X 

•TA 

¥♦2# 

LDA 

HI  IRQ 

/CLEAR 

AXD 

V*  14 

;  RIGHT  X 

BTA 

¥♦14 

TEA 

/X-X*2 

ABL 

A 

TAX 

LDA 

<#rt), 

Y  /X  COORDINATE 

•TA 

v,x 

IXY 

LDA 

tirt) , 

Y  /Y  COORDINATE 

BTA 

V*1.X 

IXY 

TXA 

;X*X/2 

LBR 

A 

TAX 

LDA 

(IfB), 

Y 

•TA 

TARXVW.X 

IXY 

LDA 

(•FBI , 

Y  /SPRITE  PTR 

BTA 

2040.X 

1NY 

LDA 

(#FB) , 

Y  /EXPAND  X? 

BFL 

IROltO 

LDA 

¥♦2# 

/YES 

ORA 

HI  IRQ 

BTA 

¥♦!• 

XRQltO  LDA 

(IfB) , 

T  /EXPAND  Y? 

AXD 

•  64 

IEQ 

IAQJ00 

LDA 

¥♦21  /Ytl? 

ORA 

Hi  IRQ 

BTA 

¥♦21 

IRQ200  LDA 

(#PB).Y  /NIGHT  X? 
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412S 

, DOUSLE  X 

STA 

HOLD 

;  HEADING 

JSR 

NtXTAR 

SEC 

SSC 

srs 

CLC 

ADC 

#i 

CMP 

42 

SCS 

NATOSO 

LDA 

43S3 

TAT 

JSR 

FLOAT 

JMP 

NAT  no 

NATOSO  STA 

■SI  SB 

JSR 

AVC 

TYA 

/  A  VO  X  UK 

CLC 

ADC 

errx 

TAY 

TXA 

lAVQ  X  SIGH 

ADC 

OFTX*l 

TAX 

TYA 

CLC 

ADC 

■DRIFT 

STA 

TINT 

TXA 

ADC 

■DRIFT*! 

STA 

YBMP+1 

LDX 

#0 

LOA 

LAJTSH*3  /TARGET  X 

ASL 

A 

see 

NAT 100 

1MX 

NAT100  SBC 

SBC 

TBMP  /BULLET  X 

TAY 

TXA 

SBC 

TEMP’l 

STY 

HOLD1 

STA 

HOLD!*! 

JSR 

FLOAT 

JSR 

FA1PA2 

LDY 

HOLD1 

LOA 

SOLDI  *  1 

JSR 

FLOAT 

JSR 

ML TP  LY 

LDX 

HOLDAD 

LDY 

HOLDAD* 1 

JSR 

PA1KEM 

INC 

•re 

LDA 

40  /NO  DOUBLE 

STA 

HOLD  /  Y  READING 

JSR 

AVC 

TYA 

CLC 

ADC 

OFF  1 

CLC 

ADC 

TRAJ 

STA 

TIXP*2 

LOA 

LAJTf H*4  /TARGET  Y 

SBC 

SBC 

TEMP *2  /BULLET  t 

TAY 

LDA 

40 

SSC 

40 

STY 

HOLD1 

STA 

HOLDl *1 

JSR 

FLOAT 

JSR 

PAIFA2 

LOT 

HOLDl 

LDA 

SOLDI *1 

JSR 

FLOAT 

JAR 

NLTPLY 

JSR 

PA1FA2 

LDA 

4<CONJO 

LOT 

4>COMS0 

JSR 

KENT  A 1 

JSR 

NLTPLY 

JSR 

FA1FA2 

LDA 

HOLDAD 

LOT 

HOLDAD*  1 

JSR 

NEXT  A 1 

JSR 

ADO 

LDA 

102  /  PA1  BIOS 

AND 

•  127 

BTA 

102  /ABS 

JSR 

BOR? 

HAT110  LDX 

HOLDAD 

LDY 

HOLDAD  *1 

JSR 

F AIKEN 

/ 

/TAIGCIR  ICUUll  f  COW 

l 


JSR 

NtXTAR 

CMP 

9FB 

lift 

MAT  120 

LDA 

#255 

TAT 

JSR 

FLOAT 

JMP 

NAT  130 

MAT120  JSR 

RANGE 

LDA 

Nil  IE 

t  KA 


LDA 

TIMES 

PKA 

INC 

SFB 

LDA 

40  /  BO  DOUBLE 

BTA 

HOLD  /  Y  READING 

JBR 

HANGS 

ADDA 

fFD,  YLPA4Q 

LDA 

40 

STA 

IPS 

LDA 

42 

BTA 

•re 

JBR 

RAM010 

JBR 

FA1FA2 

LDA 

4*CONST 

LDY 

4 'CONST 

JBR 

MtMFAl 

JBR 

NLTPLY 

JBR 

FA1FA2 

FLA 

BTA 

TIMES 

FLA 

BTA 

■  SUE 

LDA 

41tS  /DOUBLE  X 

BTA 

HOLD  t  READING 

ACDR 

fFU,XLPA40 

JSR 

RAN010 

JSR 

ADD 

MAT130  LDX 

HOLDAD 

LOT 

HOLDAD* 1 

JSR 

FA1MBM 

if  MOT  LOCATION  SCOW 
I 


LOA 

LAStSH 

CMP 

4255 

HSB 

MAT140 

TAT 

JSR 

FLOAT 

J99 

MATlSO 

MAT140  JSR 

NtXTAR 

JSR 

RADERR 

M3T150  LDX 

1CLDAD 

LDY 

HO  LOAD*  1 

JSR 

FA 1 MEM 

LDA 

TEMP 

/X  A  VO 

UR 

TEMP* 1 

ROR 

A 

LDY 

TEMP *2 

1 Y  AVG 

JSR 

FLOAT 

RTS 

SEXTAN  LDA 

HOLDAD 

/SET  UP 

CLC 

/  FOR  NEXT 

ADC 

45 

/  ELEMENT 

STA 

HOLOAD 

/  IN  ARRAY 

LDA 

HOLDAD »1 

/  * — 

ADC 

40 

/  * — 

STA 

HOLDAD*! 

/  '  — 

■XA010  ADDS 

4FD,  XLPS40 

LDA 

SHOTS 

/ MHICH 

AND 

41 

/  LIGHTS EN 

BNB 

■XA020 

/  BurrtRT 

LOA 

•ID 

CLC 

ADC 

4124 

BTA 

4FD 

LDA 

•Ft 

ADC 

40 

BTA 

IPS 

VXA020  LDA 

HOLDAD 

LDY 

HOLDAD *1 

JSR 

MtMFAl 

JSR 

UNF  LOT 

LDA 

100 

BTA 

SFB 

BTA 

■SI  SB 

LDA 

101 

BTA 

•re 

•TA 

TIMM 

RTS 

MDL2  LDX 

40 

BIT 

■OLD 

BPL 

ML2010 

ABL 

A 

see 

ML2010 

I  NX 

ML2010  RTS 

/CONSTANTS  (AJH)  CONSTANT!  SOUAREO) 
/FOR  f CALINO  THE  t  COORDINATE 
/(320/23.5>/(200/19.5) 

/ 1.13  -  129,170,61,112,144 
/».?«  -  129,223, 71, 174, 20 
; 320/200 

,1.4  -  120,74,204,204,305 

;2 .14  -  130,143,215,10,41 
CONST  .>YTB  120.74,204,204,205 
CONSO  .BYTE  130, 1*3, 215. 10,41 
ADJLOC  LDA  71 

ITA  HOLDAD 


G-ll 


LDA 

ITA 

USA 

FHA 

USA 

ITA 

LDY 

ADJ010  USA 
ITA 
DEY 

in 

TLA 

ITA 

USX 

m 

ADJ020  LDA 
LOT 
JAM 
JIK 
USA 
AIL 
LOT 
ICC 

m 

AOJOJft  CLC 
ADC 
ITA 

TYA 

ADC 

LIN 

NON 

USA 

cur 

ADC 

•TA 

LDX 

LOA 

ITA 

USA 

ITA 

J|* 

LOX 

LOT 

JIM 

LOA 

CLC 

ADC 

•TA 

USA 

ADC 

•TA 

LDX 

LDA 

AIL 

LOT 

•CC 

imr 

ADJ040  CLC 
ADC 
•TA 
TTA 
ADC 
LIA 
AOA 
LDA 
•TA 
•TA 
•TA 
LDA 
CLC 
ADC 
•TA 
•TA 
•TA 
JIA 
LDX 
LOT 
JIA 
LDA 
CLC 
ADC 
•TA 
LDA 
ADC 
•TA 
LDA 
CLC 
ADC 
•TA 
O® 

•cs 

JKF 

AD JO 50  ATI 
•  TP  tV  fHA 
LOA 
TAT 
JIA 
JIA 
LDA 


72 

HOLDAD* 1 
1 

•14 

1 

•  23 
INFO. Y 
TEMP.Y 

ADJ010 

1 

•  0 

HO  LDX 
HD  LOAD 
MOLDAD*l 

KEMTAl 

VNFLOf 

100  ;X  VALUE 

A 
10 

ADJ030 


orrx 


LASTING 

I  BULLET  X 

om*i 

A 

LMTIH«1 

101 

; T  VALUE 

om 

LMTIH+2 

1  BULLET  T 

HO  LDX 

TIMFO.X 

LAITIH43 

TUO«4.X 

LASTIH+4 

AADtAA 

HO LOAD 

HOLDAD  *1 

FAlMEM 

HO  LOAD 

/SET  V? 

;  FON 

410 

;  I HOT  LOC 

HO  US  AD 

l  ICOA1 

H0L0AD41 

♦  0 

HOLD  AD  ♦  1 

HO  LOX 

TtMFM.X 

/IULLET  X 

A 

10 

ADJ040 

ornc 

TEMF 4 1 ,X 

OffX4l 

A 

TBMFM.X 

TEMP ♦ 1 , X 

INTO*  1 .  X 

INF02«l.l 

I 

LAJTIH* 1 

TU®  *2 ,  X 

/BULLET  T 

orrt 

info*  2, x 

i\troi*2. 

X 

U5T3N42 

AADtAA 

HO LOAD 

HOLDAD* 1 

FAlMtM 

HOLDAD 

/•ft  vr 

l  BOA  NEXT 

410 

i  A1WXO 

HOLDAD 

/  (COM 

HOLDAD »1 

40 

HO LOAD* 1 

HOLD! 

44 

HOLOX 

424 

ADJ0I0 

ADJ020 

40 

FLOAT 

FA15C 

#0 

•TA 

SUKX 

hTA 

lUNXtl 

•TA 

HOLD! 

•TA 

NOLD4 

ITDL10  USA 

1 

FHA 

LDA 

414 

•TA 

1 

LDY 

TIKES 

LDA 

( #FD) ,  Y 

TAX 

•  IT 

HOLD4 

•MX 

•TDL20 

STA 

•OLD  3 

LDA 

4121 

•TA 

BOLD4 

TEA 

BTDL20  CS® 

■OLD! 

»EO 

•TDL30 

LOA 

HOLD4 

OHA 

•14 

•TA 

■0L04 

TEA 

STOLSO  JIN 

MUL2 

•TA 

•OLOl 

•rx 

HOLD  2 

CLC 

ADC 

•  UKX 

STA 

SUKX 

LDA 

SVMX+  1 

ADC 

HO  US  2 

•TA 

svmx*i 

FLA 

•TA 

1 

LOT 

BOLD  1 

LDA 

BOLD2 

JSN 

FLOAT 

JIN 

FA1FA2 

LOT 

■OLD1 

LDA 

HOLD  2 

JIN 

FLOAT 

JIN 

MLTFLY 

LDA 

If  SC 

LOT 

40 

J9N 

MEMFA2 

JIN 

ADD 

JIN 

FA1SC 

DEC 

TIKES 

LDY 

TIME* 

•MI 

ITOL40 

err 

■iitt 

•CS 

SfDLlO 

•TDL40  FLA 

•TA 

NIUE 

■  XT 

HO  US  4 

•vt 

•nsLio 

LDA 

40 

TAY 

JIN 

FLOAT 

NT  S 

•TDllO  LOT 

•UKX 

LDA 

JUMXU 

JIM 

FLOAT 

JIN 

FA1FA2 

LOT 

•UHX 

LOA 

•UKX 4 l 

JIN 

FLOAT 

JIN 

MLTFLT 

JIN 

FAlfAJ 

LDA 

40 

LOT 

NIXIE 

JIN 

FLOAT 

JIN 

DIVIDE 

USA 

me 

LOT 

10 

JIN 

MEMFA2 

JIN 

IV»TNT 

JIN 

/A1FA2 

LDA 

40 

LDY 

Him 

OCY 

JIN 

FLOAT 

JIN 

DIVIDE 

LDA 

102 

AND 

1127 

ITA 

104 

JIN 

•QNT 

NT! 

A VO  LDA 

40 

•TA 

IUSU 

•TA 

IUKX41 

•TA 

HOLD1 

•TA 

HOLDS  ♦  1 

LDA 

1 

FKA 

LDA 

#54 

•TA 

1 

LDY 

•re 

AVG010  LOA 

(IfD) f  Y 

If  A1  IIOX 

I  All 


JIN 

MUL2 

CLC 

ADC 

imx 

•TA 

•UKX 

TXA 

ADC 

flUKX*l 

ITA 

IUMX41 

OBT 

•MI 

AV9020 

CFT 

•ri 

•Cl 

AVG010 

AVO020  FLA 

ITA 

1 

AV0030  LDA 

SVNXH 

INI 

AVG040 

LDA 

■1111 

CMF 

•wot 

•CC 

AVO040 

INI 

AVQ0I0 

AVQ040  LDA 

•wot 

•EC 

SIC 

NIX  II 

•TA 

•wot 

LDA 

IUMX41 

BBC 

10 

•TA 

IUKX*1 

DIIC 

SOLDI 

JMF 

AV0030 

AVG010  LOT 

HOLDS 

LDX 

HOLDS  4 1 

NTS 

KANOS  LDA 

#0 

ITA 

XI  XU 

LDA 

4215 

ITA 

TIKE* 

KAM010  LDA 

1 

FHA 

LDA 

454 

ITA 

1 

LDY 

•FC 

NAX020  LDA 

(irD).T 

CM? 

TIMES 

•Cl 

NAM  0)0 

ITA 

TIMES 

NAX030  CMF 

•site 

•CC 

RAN0I0 

ITA 

NIUE 

AAN040  DEY 

•Ml 

NAHOSO 

CFT 

•FB 

•Cl 

NAN020 

HMOSO  FLA 

•TA 

1 

LDA 

NIUE 

•EC 

•1C 

TIME! 

JIN 

MUL2 

TAY 

TXA 

JIN 

FLOAT 

NTS 

NAD  LAN  LDX 

40 

LDA 

LABTBH4 

.ML 

A 

ICC 

NAD010 

XXX 

AAD010  ITA 

CODES 

ITX 

CODE4 

LDX 

40 

LDA 

LASTS** 

AIL 

A 

ICC 

KAD020 

XXX 

AAD020  SIC 

SIC 

CODES 

ITA 

CODES 

TXA 

SIC 

COD  14 

ITA 

COO  14 

LDY 

COOES 

JIN 

FLOAT 

JIN 

FA1FA2 

LDY 

COOES 

LDA 

COOE4 

JIN 

FLOAT 

JIN 

HLTFLY 

JIN 

FA15C 

LDX 

40 

LDA 

•EC 

••C 

•Cl 

otx 

KKD03  0  STA 
ITT 
LOT 
LDA 

JIA 

JIA 


1AITIH42  i BULLET  Y 

LAC TIH*4  / TAACET  Y 
KAD030 

coon 

CODE  4 
CODE) 

COD  1 4 
fLOAT 
FA1FAJ 


G- 12 


LDY 

COOES 

LDA 

CODE  4 

JJR 

FLOAT 

JftR 

M1TELY 

JSR 

FAIFA2 

LOA 

4<CONSQ 

LOT 

4 > CON SQ 

JftR 

MEMFAl 

JSft 

MITELY 

LOA 

4SSC 

LOT 

40 

J»R 

MEMTA2 

JftR 

ADD 

LOA 

102 

jFM  SIC* 

AND 

4127 

•TA 

102 

/Aftft 

JSR 

SORT 

RTft 

.END 

.Lift 

ftHOTCMOUF* 

; BHOTOOUM  IK  ftRM.J400.TrT 
;MtOClTiURX  K0TM 

/eom  holds,  tar  4  .  thi  cErrtft  or 

l  TMl  t  Aft  fit  T  II  PLACED  AT  HO,  100 

i  ir  thi  cum  or  mass  orriftTft 

/  AM  CHANGED  AGAIN,  A  «•  fTAftT 
/  MUST  ftt  CALCULATED  Aft . 
i  < 140 -OFF ‘FACTOR, 100-OFF* FACTOR)  ■ 
/  EXE DAT A  Jft  fFAIrt  FOUftlft, 

/  ITAftm.ftTAATT, FACTOR. 

EOT  Aft  LDA  #0 

STA  JfVALM 
»TA  #JD 
STA  CHOICE 
LDA  HOLD! 

AND  1127 


SKC 

ft»C 

AIL 
AJL 
TAT 
LOA 
STA 
•TA 
LDA 
•  TA 
LDA 
•TA 
LOA 
LOT 

irroio  as l 

sot 

DEY 

»« 

»TA 

EXE02O  LOT 
tXfOJfl  LDA 
»TA 

EX? 040  LDA 
•TA 

EXEOJO  LDA 
AND 

■to 

LDA 

•TA 

•TA 

txroto  jftA 


•1 

A 

A 

EXEDATM.Y 
XV  AL 
MO  LDX 
EXEDAT*2,  Y 
YVAL 

EXEDATO  ,  Y 
CODE  2 
EXE DAT, Y 

44 

A 

ISO 

EXE  0  1  0 

ISC 

40 

43 

KOLDA 

4121 

CODE1 

(ISO.Y 

CODE) 

EXE  070 
CODE  2 
CODES 
CODE4 
•  ITT  IT 


0INC 

XV  AL 

DEC 

CODES 

sin 

EXFOftO 

LDA 

XV  AL 

ftEC 

ftftC 

CODE2 

»TA 

XV  AL 

LDA 

XVAL* 1 

ftftC 

40 

STA 

XVALM 

LOA 

CODE2 

•TA 

CODES 

INC 

YVAL 

DEC 

COOE4 

INI 

ExrOiO 

LOA 

YVAL 

•EC 

ftftC 

ITA 

CODES 

YVAL 

EXE070  LDA 

XV  AL 

CLC 

ADC 

CODE  2 

•TA 

XV  AL 

LDA 

XVALM 

ADC 

40 

•TA 

XVALM 

LftR 

CODE1 

ft  HE 

EXE  0  SO 

I  NY 

CRY 

443 

•Cft 

EXEOIO 

DEC 

HO  LDA 

tXE 

UE040 

JSR 

HEME  A 1 

LDA 

HOLDS 

JSR 

ADD 

STA 

XV  AL 

LDA 

•  S4 

LOA 

40 

•TA 

1 

•TA 

XVALM 

•  IT 

HOLDS 

LOA 

YVAL 

•EL 

SHTOIO 

CLC 

•MT070  JX? 

•NT140 

ADC 

CODE  2 

•HT0I0  LDA 

40 

STA 

YVAL 

•tA 

XV  AL 

JME 

EXEOIO 

•TA 

XVALM 

EXEOIO  LDA 

•sc  iio  wm 

•TA 

YVAL 

C*E 

4<24I4  l  TARGET 7 

■TA 

YVAL* 1 

SHE 

EXEOIO 

LDA 

LAftTSH*!  ITARX 

LDA 

•  5D 

LDX 

•  0 

CME 

4>24I4 

AIL 

A 

in 

EXEOIO 

•CC 

•HTOftO 

ADOft 

SSC.2S40 

m 

LDA 

4141 

•HTOftO  ftTA 

•FD 

STA 

XV  AL 

•TX 

•FE 

•TA 

HOLD! 

LDA 

LAftTSHM  jftULX 

LDA 

40 

LDX 

•0 

•TA 

XVALM 

AftL 

A 

LDA 

#4C 

•CC 

•8T100 

•TA 

YVAL 

I  NX 

JKE 

EXEOIO 

SMT10Q  NEC 

EXEOIO  RTft 

nc 

•FD 

EXE OAT  .ftYTE 

31,111,44,2 

•TA 

•FD 

.»YTE 

41,114,24,4 

TXA 

.•TTE 

11,127,41,2 

ftftC 

m 

.•TTE 

14,114,40.4 

•TA 

•r» 

.»m 

17, 101, 2ft, S 

LDX 

CODES 

/ 

14.  44,  4,4 

•HT110  LDA 
CLC 

XV  AL 

/PROCEDURE  SMTGRE  (ft HOT GROVE ft) 

ADC 

•FD 

/EOQ  ftps  nxth  start  address. 

•TA 

XV AL 

i  .on  mouoJ 

,  TAR4  (ADD  12S  IT 

LDA 

XV  A  L  ♦  1 

;  ONLY  HIT/Klft*  INTO  If  DESIRED.) 

ADC 

in 

/  PORE  HOLD! 

,  NtTH  4  Of  SHOTS. 

•TA 

XVAL* 1 

/  AT  END;  BITS,  MISSES  ARE  SET. 

DEX 

I  HOLD!  HILL 

HAVE  4  VNGAAEHAALE 

•MX 

1HT110 

i  SHOTS.  HOLDS  MILL  HAVE  TOTAL 

LDA 

XVAL 

;  4  SHOTS  FIRED  AT  THIS  TARGET 

CLC 

SHTCRE  LDA 

4211 

ADC 

1140 

STA 

CHOICE 

•TA 

XVAL 

LDA 

40 

TAX 

STA 

HITS 

LDA 

XVAL* 1 

•  TA 

MISSES 

ADC 

#0 

•TA 

BOL01 

•TA 

XVALM 

•TA 

HOLDS 

CNF 

•2 

•TA 

KOLDY 

■Cft 

•HT1S0 

LDA 

HOLOl 

CUE 

40 

AND 

4127 

•NX 

■Ht 120 

TAX 

CEX 

•  10 

SEC 

•CC 

•MtUO 

•  •C 

41 

•Cft 

•HTUO 

Aft  L 

A 

•HT120  CEX 

414 

AJL 

A 

•Cft 

•HT1S0 

TAY 

SHT1 30  LDY 

MOLDY 

LDA 

EXEDATM.Y 

Lift 

A 

•TA 

coot  2 

TXA 

STX 

COOE1 

ROft 

A 

CEX 

43 

•TA 

TRME,  Y 

•Cft 

SHT010 

LDA 

LAftTSH+2  / SULY 

LftR 

CODE2 

SEC 

•HT010  LOY 

4100 

•  BC 

LAftTftH*4  / TAAY 

LDA 

4215 

•TA 

IFD 

•HT020  ftTA 

TIKE.  Y 

LDA 

40 

DEY 

••C 

40 

•EL 

•HT020 

•TA 

•FE 

LDA 

1 

LDX 

CODES 

EHA 

•HT140  LDA 

YVAL 

LDA 

1 54 

CLC 

•TA 

1 

ADC 

IFD 

SHT0S0  LOY 

40 

•TA 

YVAL 

LOA 

urn,' 

LDA 

YVAL*  1 

AND 

1127 

ADC 

•FE 

CMP 

coon 

•TA 

YVAL*  1 

m 

•HT070 

DEX 

INC 

HOLDS 

■ME 

SMT140 

LOA 

UF»).T 

LDA 

YVAL 

•MI 

•HT040 

CLC 

INC 

NITS 

ADC 

4100 

JME 

•HTOftO 

•TA 

YVAL 

»H. .  .J  INC 

MISSES 

TAX 

•H1USC  LDY 

44 

LDA 

YVAL*  1 

•HT040  LOA 

(irs),Y 

ADC 

40 

•TA 

LAftTSH, Y 

•tA 

YVALM 

DEY 

•NX 

•HT1S0 

•EL 

SHT040 

CEX 

#174 

PLA 

•Cft 

•MTUO 

EHA 

CEX 

124 

•TA 

1 

•CC 

■HTUO 

LDX 

4<TEMEMOO 

LDY 

HOLCY 

LDY 

4>TEME 

I  NY 

JSR 

EA1MEM 

TXA 

JIR 

RADERft 

•TA 

TEMP,  Y 

JSR 

FA1FA2 

INY 

LDA 

4<TEMEMOO 

*TY 

HOLOY 

LDY 

4>TEME 

JME 

SHT140 

G-13 


SHT1S0  INC 

HOLD1 

BKT140  LDA 

IFB 

etc 

ADC 

44 

STA 

in 

LDA 

sre 

ADC 

10 

BTA 

ire 

DEC 

HOLD  4 

BEO 

SHTH0 

JKP 

SHT020 

EHT170  9LA 

BTA 

1 

•  IT 

HOLD) 

X9L 

SHT 110 

ATS 

BAT 140  LOY 

40 

BHT1S0  LDX 

10 

LDA 

TXMP.Y 

CMP 

1229 

BIO 

SXT240 

BTA 

•r» 

ASL 

A 

see 

BHT200 

I  MX 

SHT200  BBC 

BBC 

41 

BTA 

AVAL 

BTA 

HO  LDA 

TEA 

BBC 

40 

BTA 

AVAL* 1 

STA 

HOLD* 

LDA 

TEMPO, Y 

BTA 

ire 

sec 

SBC 

ii 

BTA 

YVAL 

IDA 

43 

BTA 

CODE2 

BTA 

CODC4 

SHT210  JJR 

SITPLT 

DINC 

AVAL 

DEC 

CODX3 

in 

SHT210 

LDA 

HO  LDA 

ITA 

AVAL 

LDA 

HOLOX 

BTA 

AVAL* 1 

INC 

YVAL 

LDA 

43 

STA 

COD*  3 

DtC 

CODE4 

BNt 

SHT210 

I  MY 

I  NT 

TYA 

TAX 

BHT220  LDA 

TEMP.  A 

CMP 

#2  9  5 

bcq 

SHT190 

CMP 

srs 

BNE 

SHT230 

IDA 

TEMP*  1,  A 

CKP 

ire 

BME 

SHT230 

INC 

TEMP ,  A 

INC 

TEMP*  1.  A 

BHT230  1MX 

I  NX 

JKP 

SHT220 

BHT240  JIN 

EXP TAP 

ATI 

BXT9LT  STY 

MOLDY 

LDA 

40 

m  «ru 
m  in 

STA  9A4 
STA  YVALtJ 
91,020  LDA  YVM. 

AMD  <2«l  ; irT  <Y/4) *320 

LDX  43 

91,010  AIL  A 

AOl  IA4 

DEX 

in  9i»o)o 

•TA  I A) 

ldx  #s 

91.049  LDA  irD 

CLC 
ADC 

•TA  iro 

lda  ire 

ADC  IA4 

•TA  <rc 

DEX 

m  9L040 

LDA  XV AL  J ••JUT 1X/S) 

AMO  #244 


CLC 

ADC 

ire 

STA 

SPD 

LDA 

XVAL*1 

ADC 

CLC 

iri 

ADC 

4>il 92  /♦•19I 

STA 

•  PE 

LDA 

YVAL  jY  AMD  7 

AND 

TAY 

#7 

LDA 

AVAL  iX  AMD  7 

AMD 

47 

STA 

•A3 

LDA 

stc 

#7 

ssc 

TAX 

•A3  j  7  -  (X  AND 

LDA 

•  1 

CPA 

40 

SEO 

9L040 

9L0I0 

ASL 

A  ;1*(7-(X 

OEX 

i  AMD  7>) 

EMI 

9L0S0 

21040 

Bit 

CHOICE 

B9L 

9L070 

ORA 

(IfD).Y 

JM9 

TL0I0 

PL070 

BOA 

ISFOJ.Y 

9L0B0 

STA 

un».Y 

LDY 

NTS 
•  EMD 

BOLDY 

/PKOCEDVAX  IIISCOA 
/THIS  PROCEDURE  CALLXS  THE  fUSCOft 
;  PKOCXDVNX  CM  CM0BK1  .  THX  ONLY 
;  SEASON  XT  !•  KlU  If  BECAUSE 
/  THX  INITIALS  ItfFfM  It  WDEB 
/  ADM  AND  SOUTINES  AWNING  OfT 
/  THX  EPROM  CANNOT  XAMX  OCT  ROM 
#  NITHOITT  CAAJAING.  IT  MOVES 
i  THX  INITIALS  SUTTEA  TO  TEMP 
i  BXrOAt  CALIIN0  AMD  MOVES  IT 
I  BACK  ATTEA  THX  CALL.  COOEl 
j  AMD  f Al  MUST  St  1XT  (IP  APP.) 

;  BErOAX  CALLING  THIS  ROUTINE . 


HI ICON 

LDA 

9KA 

1 

LDA 

424 

STA 

1 

LDY 

479 

HI9010 

LDA 

INISVF, Y 

STA 

DEy 

TIMP.Y 

BPL 

9LA 

HIS010 

STA 

I 

LDA 

424 

STA 

49144 

JSA 

•ELSVB 

LOY 

479 

H1S020 

LDA 

TEMP.  Y 

STA 

DEY 

lMIBUr.Y 

BPL 

ATS 

HIS020 

.OPT 

.EMD 

LIST 

••22741 
/  KLCHOlK 1 .TXT 


JMP 

CTAMOV 

JMP 

RANDOM 

JMP 

DOOATA 

JMP 

CXTXY 

JMP 

MELPBC 

JMP 

AX KEEP 

JMP 

YES  NO 

JMP 

DCBCAP 

JMP 

HISCON 

.LIB 

MACROS -VAAS 

.EMD 

■  OPT 

MOL 

XAMO  *3413 
DBAS LX  -2402 
ENABLE  -2400 
MOTTAG  -2412 
ACT ATX  -2404 
•AIT  -2411 
■HUTL  -2424 
PNCNVM  *49141 
LXTKL  —49144 

.LIB  CTAMOV 
iCTAMOV  IN  KLCH0BR1.TXT 
CTAMOV  JSA  ENABLE 
LDA  40 
BTA  HITiFA 
STA  MVMA20 
BTA  NVMA20M 
STA  MV HA  40 


STA 

WVHAiO'l 

STA 

PSTAT 

JSA 

••isr 

LDA 

101 

ETA 

ISO 

LDA 

100 

STA 

SBQ2 

CTK010  IDA 

40 

STA 

orpsen 

CTA020  JSA 

ICVESP 

JSA 

PAUSE 

BCS 

cntoio 

JMP 

CTR410 

CTA030  LDA 

SOfcTAP 

BME 

CTN030 

1  JSA 

aim  (Vo  ;c*x  sort 

J9B 

CLOSU 

STA 

CURTAR 

TAX 

BME 

CTB040 

JMP 

CTBUO 

CTA040  LDA 

SPBC1L.X 

•TA 

SPECIL 

LDA 

•  0 

•TA 

«Airr*i 

LDA 

•IRD 

AMD 

•  94 

BIO 

CTA070 

LDA 

edbitt.x 

ASL 

A  i  AAJfCE*# 

ASL 

A 

ASL 

A 

STA 

XDNirt 

LDA 

•IMD  ; GET  SPEED 

AMD 

•  7 

CLC 

/ ADD  TAP GET 

ADC 

min  i  orrsxr 

TAY 

LDA 

•  IMD  /TULL  ON 

AMD 

•32  ;  HA1P  VALUE 7 

BMS 

CTNC4C 

LDA 

•TABLE,  Y 

HI 

A 

UK 

A 

UA 

A 

UN 

A 

JMP 

CTB070 

CTA040  LDA 

VI  AS  LX,  Y 

AMD 

•  IS 

CTK07C  STA 

■DBIPT 

•  IT 

•IMD  i NEGATIVE 

BPL 

CTK040  ,  D1AECTJONT 

DEC 

H0N1PT*! 

KOA 

•223 

STA 

•DNIfT 

DINC 

■DNirT 

CTK0I0  LDA 

YDNIfT. X 

ITA 

TKAJ 

LDA 

TXMEPL.X 

BEO 

CTN110 

STA 

CUB  TP 

LDA 

ZNSTK, X 

•EC 

CTBUO 

LDX 

HOLD1 

LDA 

v.x 

CTA090  BTA 

HDL02 

JSN 

MOVES! 

JSA 

PAU010 

LDA 

OPTICA 

BEO 

CTBIOO 

BOA 

•233 

AMD 

VOl 

STA 

Vt21 

LDA 

•  0 

STA 

CSTBCB 

CTAIOO  LDA 

Vt21 

AMD 

HOLDS 

•to 

CTBUO 

LDX 

HOLDl 

LDA 

V.X 

CMP 

HOLD  2 

BEO 

CTN090 

DEC 

CVNTP 

BME 

CTB090 

CTA110  LDA 

XV  AL 

CLC 

ADC 

•DAI ft 

•TA 

XV  AL 

•TA 

V 

LDA 

XVA1  + 1 

ADC 

■DAIPT41 

STA 

XVAL41 

LDA 

YVAL 

CLC 

ADC 

TBAJ 

STA 

YVAL 

STA 

V*1 

LDA 

V*1 4 

AMD 

4234 

G-14 


UK 

XV AL'  1 

IH 

CTX120 

OKA 

11 

CTA120  *TA 

VOS 

LDA 

vo»  jTuax  orr 

AND 

■  214  (  MULTICOLOR 

»TA 

V*2»  i  POMPR  0 

LOA 

4X4  (BULLET 

•TA 

2040 

IDA 

412  i  MED  GRAY 

■TA 

VO* 

LOA 

40 

•TA 

•  •COL 

LOA 

1XQ2  (BO  CHIC* 

AND 

432  /  POA 

INI 

CTR1SQ  (  COLLISION? 

LOA 

V*21  ( TUAN  ON  fOA 

0*A 

41  (  COLLISION 

■TA 

V*21  l  C«CK 

LDX 

42 

CTX13C  LOA 

IRQ  1 CHEC*  POP 

OAA 

432  1  COLLISION 

■TA 

1*0 

CTR14C  LOA 

XAO 

AND 

432 

in 

CTAI40 

DEX 

■Kt 

CTA130 

LOA 

V*21  (TUAN  OPT 

and 

4234  /  BULLET 

■TA 

V*21 

CTA JSC  LOA 

40 

■  TA 

•  PC 

LOA 

■  HOTS 

ASL 

A 

AS. 

A 

ASL 

A 

AOL 

•  PC 

CLC 

ADC 

♦<INPO 

•TA 

•PB 

LOA 

•re 

ADC 

4MNFO 

•  TA 

•re 

LOA 

•  SCOL 

AND 

4234 

TAY 

LDA 

tt 

■  TA 

COOtJ  J  (HIT  «r»l] 

LDX 

<1  jmit  »r*» 

CTR14D  TYA 

■  TX 

COOE2 

AND 

COUC3 

CLC 

■NC 

CTA17C 

J  NX 

ASL 

COM3 

•cc 

CTA140 

LDX 

40 

■TX 

COOE2 

LDX 

CUATAA 

CTAl 70  LDA 

TAAXUM.  X 

■CC 

CTA140 

OAA 

4124 

JW 

CTA1A0 

CTA1 10  me 

HITS 

C7A1»0  LOT 

40 

■TA 

T ANNUM 

■TA 

( IPS) , Y  (TARGET  JO 

•TA 

LAJTIH. Y 

imr 

LDA 

XVAL*i 

ISA 

A 

LDA 

XV  AL 

*0* 

A 

■TA 

(»PS>,Y  (BULX/2 

■TA 

LAJTIH, Y 

x  rt 

LDA 

TVAL 

•TA 

(»PS).Y  (BOLT 

■TA 

LAJTIH, Y 

irr 

LDA 

srceiL, x 

■TA 

•PECIL 

LDA 

CtNX.X 

■  TA 

CCHX 

LDA 

CENT , X 

■TA 

CENT 

TXA 

ASL 

A  /POA  iPA  XT 

PHA 

LDA 

V*ll 

CTR200  LI  A 

A  (PUT  EIGHT 

MX 

>  X  IN 

•PL 

CTA200  (  CAAAT 

r  ia 

TAX 

LDA 

V,  X 

AOP 

A  ;A1CHT  X 

CLC 

/ADO  CENTEX  X 

ADC 

CtNX  (  OPTtET 

•TA 

(IPS)  ,  T  (TAJUU2 

•  TA 

LAJTIH, T 

INT 

LOA 

v*I.X 

CLC 

i ADO  CENTEX  Y 

ADC 

CENT  (  OPTSET 

•TA 

(iri).T  iTAET 

•TA 

LAJTIH, T 

LOA 

1*02  ill  THIS  SHOT 

AND 

44  (  A  AEPEAT7 

•XE 

cm:  20 

LOA 

•PB  iSTCM  IX 

CLC 

j  2ND  INTO 

ADC 

4044  t  BUTTE* 

■TA 

•PB  i  (DISK 

LOA 

•PC  f  RECOAOI 

ADC 

4>344  i  (MLY  HAVE 

■TA 

•PC  I  OHIO I HAL 

LOA 

•HOTS  l  SHOT) 

CLC 

ADC 

41 

•TA 

•HOT** 

LOT 

♦  7 

CTA210  LOA 

1ASTSH,  Y 

■TA 

<ir»),T 

DSY 

•PL 

cm2 10 

CTA220  LOA 

XV AL  (PUT  UP  CROSS 

SEC 

lie 

4)0 

•TA 

V 

LDA 

XV At* 1 

lie 

40 

TAX 

LOA 

V*lt 

AND 

4234 

CPX 

40 

•eg 

CTR230 

OKA 

41 

CTA230  ITA 

V*14 

LOA 

tval 

SEC 

SEC 

#» 

■TA 

V*1 

LOA 

442 

•TA 

2040 

LOA 

V+2S  (MULTICOLOR 

OAA 

41  /  MODE  CM 

•TA 

V«]l 

LOA 

41  (NHITE 

•TA 

V*39 

LOA 

1*02  ( DON'T 

AND 

414  ;  DISPLAY 

BNE 

Cf*2 JO  (  C*OJ*7 

LOA 

1*02 

AND 

41 

•EO 

CTH240 

LOA 

LAJTIH 

■PL 

CTA2S0 

cm2  40  LOA 

V421 

OAA 

41 

•TA 

V421 

CTJUS0  LDA 

II COL  (MAJ  CLOSEST 

AND 

BOLD!  I  TARGET  HIT? 

BMC 

CTE240  YES 

LOX 

CUATAA 

Ito 

cm2  40 

LOA 

•PECIL, X 

AND 

444  ( NEVEASB 

■EO 

CTE240  /  DIRECTION? 

LDA 

IMITX,  X 

BOA 

4233 

CLC 

AOC 

41 

•TA 

XNSTX.X 

CTR240  LOA 

•PECIL 

•PL 

CTR24J 

JMP 

CTR340 

CTAJ45  AND 

132  .1  THIS 

•EO 

CTA2P0  /  TAX  GET  MOM 

LOA 

1121  i  THAN  1  IPX? 

ETA 

COOEl 

LDX 

47 

cm:  70  loa 

V*21 

AND 

CODE  I 

•EO 

cmaia 

LDA 

TAXNVN, X 

enr 

T ANNUM 

■Nt 

cmiio 

LOA 

CODCl 

OAA 

COOEl 

•  TA 

CODCl 

CTA240  LSE 

OODE1 

DEX 

•NE 

CT*270 

CTA2I0  LDA 

HITIM  (TUAN  orr  ANT 

EOA 

4233  (  TAAOET  PR£- 

OAA 

41 

(  VI OWL Y  NIT 

AND 

V*J1 

■TA 

V421 

LOX 

LAJTIH 

LOA 

1*02 

AND 

m 

■BO 

CTEJOO 

CPX 

♦  111 

BCC 

CTO  1 0 

JMP 

CTO  20 

CTA300  LOA 

1*03 

(SPECIAL 

Am 

41 

l  CKOJI? 

■EO 

CTO30 

CPX 

♦  Hi 

HUBS? 

■Cl 

CTOJO 

cmiio  LOA 

1*02 

(IP  *ET  APTEA 

AND 

4121 

I  EACH  TARGET 

■NE 

CTO  20 

l  LEAVE  XT  VP 

LOA 

CQOl  3 

ITVXN  Off 

IO* 

♦213 

1  BIT  TARGET 

Am 

V411 

#  NOR 

■TA 

V*2l 

CTK320  LOA 

♦0 

•TA 

■  ITSPX 

JMP 

CTE340 

cm 330  LOA 

COOE3 

(■ST  VP  TO 

0*A 

♦  1 

i  turn  orr 

•TA 

■ITSPX 

1  NIT  TARGET 

LOA 

♦  0 

(•TOP  NIT 

LOX 

CODE  2 

(  TARGET 

•TA 

IMITX, X 

LOA 

♦  30 

STA 

CVtSDIA 

CTE340  BIT 

TAANUH 

•VI 

CTO  70 

LDX 

♦  7 

(CHECK  POA 

LOA 

♦  121 

(  PENALTIES 

■TA 

COOEl 

CTA3S0  LDa 

V*21 

(SPRITE  MUST 

AND 

COOEl 

;  BE  ON 

■BO 

CTA340 

LOA 

tAANUM 

(HI?  TARGET 

AND 

♦  127 

CMP 

tAANUM,  X 

•CC 

CTO  40 

(MUST  BE  LXSI 

•to 

CTR340 

/  0*  EQUAL 

INC 

PENAL 

JMP 

cmi70 

CTE340  UK 

COOEl 

DEX 

BPL 

cm3  30 

CTH370  JS* 

•OTATt 

INC 

■HOT» 

LOA 

1*0 

AND 

♦  231 

BTA 

1*0 

LDA 

•HOTS 

CMP 

HAXJKT 

•cc 

CTR4O0 

LOA 

1*0 

OAA 

♦  l 

■TA 

1*0 

LOT 

♦  17 

CTA3I0  LOA 

NQAMMO. 

Y 

■TA 

13774. Y 

DEY 

BPL 

CT*3#0 

LDY 

♦  10 

LDA 

♦  13 

CTA3S0  BTA 

1*72. Y 

DEY 

BPL 

CTO  10 

CTE400  SEC 

JIB 

CVSPCL 

•Cl 

CTA440 

LOA 

1*0 

AND 

♦  1 

■EO 

CTA410 

JMP 

CTA020 

CTH410  LDA 

1*0 

AND 

♦  192 

■EO 

CTA440 

LDA 

14321 

CMP 

♦  127 

■HE 

CT*420 

LDA 

♦  121 

/BREAK  KEY 

■TA 

PS  TAT 

/  rmfl 

JMP 

CT*4«0 

CTA420  LOA 

DPTSC* 

■HE 

CTX430 

JMP 

cmo2o 

CTX430  AND 

♦l 

(MHlfTLE 

■EO 

CT*4  JO 

(  PLAO 

LDA 

V*21 

(•PIUTE  ON? 

AND 

♦  234 

•EO 

CT*440 

JBA 

MH1STL 

CTX440  LDA 

erne* 

(CLEAR  PLAC 

AND 

♦  234 

G-15 


•TA 

or  pica 

•»c 

41 

LDA 

•PC 

CTA450 

LDA 

orrscA 

INI 

pauobo 

OOP 

•TOP* 1 

ton 

ms 

CLC 

»CC 

DOOOlO 

Airo 

¥♦21 

AT* 

ATS 

•TA 

¥♦21 

CLOSE!  LDA 

42SS 

fPfcOCEDVfct  AAKDOM 

etc 

•TA 

AO LDA  iLOH  DIlTAMCB 

fPOO  9TOf  H1TH  THE  •TAATIM0  LOC 

Jin 

CMP  CL 

LDA 

4129 

1  1M  9TACE 

(I-ITAAT-14325) 

•c* 

CTA4I0 

•  TA 

COOE1  jSPAXTE  COOL 

l  AKD  14321 

•Om  HXTM  THE  SATA 

JW 

CTA010 

•TA 

tAAKVM  #  POA  MI99 

/  ITEMS.  90KK  MOLDl , MOLDS  AITH 

CTA440 

LDA 

1AO 

LDA 

XVAL* 1 

i  ADO  AMI  OrrtBT  Or  DATA  TO  if 

AKD 

411 

LEA 

A 

1  MOVED. 

•TA 

I  AO 

LDA 

XV  AL 

AAKDCM  LDX 

•TOP 

NOVI 

$fE.  TAAOAD 

*0* 

A 

ADDA 

•PD, 92490 

LDT 

40 

•TA 

MOLDS  t BULL*?  X 

AAK010  JIA 

MCOAT 

LDA 

(•r»).t 

LDA 

40 

LDA 

14329.X 

C*P 

♦  254 

•TA 

MOLD1 

•Ml 

AAN020 

Ml 

emtio 

•TA 

MOLDS 

29* 

1EAACJI 

DliC 

TAAOAD 

LDX 

114 

in 

CT»470 

LDA 

40 

C LOO 10  LDA 

¥♦21  ; SPRITE  OA? 

ME 

AAH010 

LOT 

PITA? 

AKD 

COOB1 

AAK020  LDY 

40 

JSA 

••>•1 

MO 

CLOOSO 

LDA 

4253 

AT* 

LDA 

V4l,x 

•TA 

(IPD).Y 

cmpcl 

LDA 

I  AO  I  »MTV*JI 

HHlM 

•EC 

ATE 

•Ml 

CMP  10  |  MO  TAAOETS 

IK 

rvAt 

•EAACH  ATA 

•AS 

AKD 

444  ;  Vpl 

•Ct 

C LOO 20 

•TX 

•A4 

ttQ 

CMP  40 

BOA 

42SS 

LDY 

10 

LDA 

v«a» 

CLC 

LDX 

•  0 

AKD 

4214 

ADC 

41 

CMP 

•  0 

m 

CESP40 

CL0020  ETA 

MOLDY  /TAAY-BULY 

110 

AAK0C0 

CMPIO 

ACC 

CTJP30 

LDA 

¥♦14 

AAM030  LDA 

(im.Y 

CUF20 

LDA 

1*0 

AKD 

COOB1 

dug 

•PB 

AKD 

4192 

CLC 

TAX 

Ain 

CMP  2  0 

»eo 

CLOOSO 

BAX040  LDA 

in 

cut» 

tie 

•BC 

CLC 

ATS 

CL0030  LDA 

V.X 

ADC 

414 

CUSP 40 

CLC 

AOA 

A 

•TA 

•PB 

ATS 

BBC 

LDA 

•PC 

M9VUP 

LOT 

414 

•BC 

MO  LDX 

ADC 

40 

LDX 

41 

ICS 

C LOO 40 

•TA 

•PC 

LDA 

4121 

BOA 

42SS 

DBX 

•TA 

HOLD 

CLC 

•ME 

BAM040 

HOVOl 0 

LDA 

V*21 

ADC 

,1 

LDA 

<IP»).Y 

AMD 

MOLD 

CL0040  CLC 

IK 

MAKOSO 

HQ 

NDV040 

ADC 

MOLDY  /XD1P+YDIP 

DISC 

irt 

LDA 

IMTE.X  /•TATIOMAAY1 

AOA 

A  / <XDlPtTDIP)/2 

MAX0S0  DEC 

•AS 

HQ 

NOVO *0 

CMP 

MOLOA 

•Ml 

AAH03  0 

DEC 

CDLJTK,  X  / HOVE 

1T1 

•Ct 

CLOOSO 

RAX040  LDA 

(IPftl  .Y 

AH 

HOV040 

•TA 

HOLD* 

•TA 

•AS 

LDA 

MOLD 

•TX 

MOLDl 

•TA 

(IPD).Y 

AKD 

orrscA 

LDA 

COO  El 

IKY 

•HE 

NOVOiO 

•TA 

HOLDS 

AAK010  LDX 

41« 

LDA 

DLtTR. X 

CLOOSO  LSA 

COO  El 

AAX0I0  LDA 

(•rsi.Y 

•TA 

CDLJTK. X 

01* 

•TA 

<«PD).Y 

LDA 

HOLD  j  CHECK 

D1X 

IKY 

AKD 

VM«  ;  AICHT 

X 

•  HE 

C LOO 10 

DEX 

•to 

HOV020 

LDA 

HOLD1 

•XI 

AAN040 

LDA 

41 

UR 

A 

DEC 

IAS 

NDV020 

•  TA 

HO  LDX 

AT* 

•HI 

HAK070 

LDA 

jkitk.x  iadd 

ATA»IE  .SHE 

0.14. 11. SS, 49. 44,44,0 

LDA 

<4P»),Y 

•  TA 

MOLDY  ;  XMCKEMENT 

.•tte 

0,11,35.  50,44.  13.  HS.  0 

•PI 

AAK090 

CLC 

.»YTE 

0, 17,49,  44,  >1, 114, 149,0 

•TA 

(IPD).Y 

ADC 

V.  Y 

.•TTE 

0,33,44, IS, 114, 141, 111,0 

IKY 

•TA 

V.T 

.»YTE 

0, S3, 44, 99. 141. 1 11, 2  IS, 0 

AAX090  TYA 

IDA 

40 

.BYTE 

0,49,13, 132, lSl. 231. 241,0 

CLC 

•  IT 

MOLDY  / lNCKEKENTtC  P 

MO AMMO  . SYTE 

ADC 

4PD 

API 

HOV0J0 

40, 102 . 102.102.102, 102.40.0.102. 102. 102, 10 

•TA 

•PD 

LDA 

♦  2  55 

2,102, 102,40,0,124 

LDA 

IPE 

novojo 

ADC 

MCLDX 

.•TTE 

ADC 

40 

HQ 

NOV040 

24, 24. 24. 24. 24. 24. 0,0, 0,0, 0,0, 0,0, 0,40, 102 

•TA 

IPE 

LDA 

HOLD 

,102,102,102 

102 

LDX 

IA4 

OAA 

¥♦14 

-BYTE 

ATI 

•TA 

V»  14 

40,0,  1 24,  *4,  f 4.1 20.  »4,  *4.  44,  0,0,0.  0,0,  0,0. 

•KCOAT  LDA 

♦  CDITEia 

LDA 

V.T 

0,0.24. 40,102, 124 

CLC 

CW 

4SS 

.•TTE 

ADC 

BOLD! 

ACf 

NOVOSO 

102,102, 102, 

},  99, 111,127,107,99,99,99,0,99 

•TA 

|P» 

JHP 

HCFV040 

,119,127,10? 

99,99 

LDA 

4>0ITEKI 

NDVO40 

LDA 

HOLD 

.•TTE 

ADC 

HOLDltl 

EOft 

42SS 

>•,0,40.  102, 

102, 102. 102, 102,40,0 

•TA 

IPC 

AKD 

¥♦14 

.IMP 

•Tl 

•TA 

¥♦14 

.Of  T 

MOL 

/ EEAO  DATA 

LDA 

V.T 

.LIB 

DATA  ITEMS 

DITEME  .BTTt 

CMP 

no 

;DATA1T1M9  PDA  BAM  PAOGAAM 

1,0,190,  », 97,12, 2SS, 0,0,  0,4, 0,0, 

4,  15, 

294,2 

tes 

MOV040 

DODATA  JIB 

MACDAT 

SS 

•OVOSO 

LDA 

HOLD 

LDA 

♦  <D  ITEMS 

/EXTEXDED  PEETEST  DATA  (17-113) 

OAA 

OTPICM 

CLC 

•»YTE  1, 

141,159,  1,  41,204, 

10. 

0, 

•TA 

or pica 

ADC 

•TOP 

0.  0.  1.2S4.  0.  12.  34.2S4 

M3V040 

DEY 

•TA 

•TOP 

.Btn  i, 

101,150,  4,  3/,  12, 

It, 

0, 

DtY 

LDA 

4>D1TBM9 

0.  0,  4. 

0,  0,  4.  11.254 

LX  A 

HOLD 

ADC 

•  TOPn 

»TT1  1, 

93,140,  5,  31,  12, 

19, 

0, 

DEY 

»ta 

•TOP+1 

0,  0,  », 

1,  0,  4,  14,254 

in 

NOVOIO 

ADDA 

9PD, 12410 

■•TTE  1. 

193. 1S9,  1,  41,204, 

10. 

0, 

All 

LDY 

40 

0,  0,  1.294,  0,  12,  94,294 

PAUiE 

LDA 

I AO  ;TAIC  PULL 

DODO  10  L0A 

(IPB) , T 

.»TTI  1. 

7S.1S0.  4,  91,  12, 

1«. 

0, 

AKD 

#4 

»ta 

(•poky 

0,  0.  4. 

0.  0,  4,  19,254 

HQ 

PAU010 

D1NC 

•  PB 

.fiTTI  1, 

149,140,  9,  >1,  12, 

19, 

0, 

•EC 

D1MC 

•  PD 

0,  0.  S, 

1,  0.  4,  14,154,255 

ATI 

LDA 

in 

;  LlVlLf  l*  4 

(114*224) 

PAU010 

LDA 

♦  •44 

CMP 

•TOP 

•BYTE  2, 

0.  149,  1,  39.204, 

i. 

0, 

PAU020 

•  EC 

ICC 

DCD010 

0.  0,  0, 2SS,  32,  24,  34 
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.BYTE  9.140.  1.  40,104,  4.  0, 
0,  0.  0,100.  01.  0,  04,104 

,(TC(  1,  0,100,  1,  41,104,  11,  0, 

0.  0.  1.104.  0,  11,  17.104 

.ITT!  1.  0.170,  1.  IS.  11,  11.  0. 

0,  0.  1.104.  0.  4.  11.104 

.  ITT!  1,  0,140.  4.  14,  11.  14.  0, 

0,  0.  1.101,  0.  4.  10,104 

.1YT1  1,  0.100.  0.  17.  11.  1*.  0. 

0.  0.  4.  0.  0.  4.  10.104 

.BYTE  1.  0,140.  4.  14.  11.  11.  0. 

0,  0.  0.  1.  0,  4.  14.104.100 

lIXVElS  0-»  Illl-Oll) 

.BYTl  1.141.101,  1.  41.104,  S.  0. 

0,  0.  1.104.  0.  11.  17.114 

.BYTE  1,111.140.  1.  10.  11.  10.  0. 

0,  0.  1,104,  0.  4.  10,104 

■BYTt  1.  40.140.  1.  10,104,  4.  0, 

0.  0.  0,100.  11.  14.  04 

.BYTE  07.140.  1.  40,104.  4.  0. 


0. 

0,  0.110.  44.  0.  >4.104 

0. 

. BTTO  1,101.140.  1.  IS,  11. 

0.  2.104.  0.  4.  13.204 

10, 

0. 

0, 

■BYTE  1.211.110,  4,  >1,  11. 

4.  0.  1.  0.  4.  14.104 

If, 

0, 

o. 

.BYTE  1.210.140.  4.  14.  11. 

0.  1,200.  0.  4.  10.204 

12. 

0, 

e. 

.BYTt  1, 190. 110,  0,  17,  12. 

0,  4,  0.  0.  4.  10.204 

14, 

0, 

0. 

■BYTE  1.  40.040,  l.  10,104. 
0.  0.200.  12.  14,  14 

4. 

0. 

0. 

.BYTE  07.140.  1.  40.204, 

0.  0.200.  40.  0.  04.104 

4, 

0. 

0. 

•BYTE  1.110.140,  4,  >4.  12. 

0.  1.200.  0.  4.  10.204 

12. 

0. 

0. 

.BYTE  1.100,130.  0.  37,  12, 

0.  4.  0.  0.  4.  10.204 

14, 

0. 

0. 

.BYTE  2.240, 102,  2.  41.204. 

0,  1,204.  0.  12.  37 

11, 

0, 

0, 

.BYTE  100.130.  0.  17,  12. 

0.  4.  0.  0.  4.  10.104 

11, 

0. 

0, 

.BYTE  1.2)0.145.  4.  34.  12. 

0.  3.200.  0.  4.  10.204 

12, 

0. 

0. 

•BYTE  2.131.1*0,  1.  30.  12, 

0.  2.204.  0.  4.  13 

20, 

0, 

0, 

.BYTE  231.111.  4.  It.  12. 

0.  0.  1,  0.  4.  14.204 

20. 

0, 

0, 

.AYT4  2.243.102.  2.  40,204, 

0.  1.204.  0.  12.  17 

14, 

0. 

0. 

.BYTE  210.140.  4,  14.  12. 

0.  3.200.  0.  4.  11.204 

14, 

0, 

Ob 

. 4YTE  1.  49.1(0.  1.  10. 204, 

0.  0.201.  12.  24.  24 

12, 

e. 

0. 

.BYTE  07,140.  1.  40.204. 

0.  0.200.  41.  0.  14 

12. 

0. 

0. 

.BYTE  243.102.  2.  41.204. 

0.  1.204.  0.  12.  27.204 

12. 

0. 

0. 

.BYTE  1,131, 140,  3,  11.  12. 

0.  2.254.  0.  4.  11.214 

10, 

0. 

0. 

.BYTE  1.100. 130.  5.  37.  12. 

0.  4.  0.  0.  4.  10.204 

14, 

0. 

0. 

.IYTE  3.  40,141.  1.  30,204, 

0.  0.211.  32.  24.  34 

14, 

0, 

0, 

BYTE  07.141.  1.  40.204. 

0.  0.200.  44.  0.  34 

14. 

0. 

0. 

. KTTE  101.140.  3.  31.  12. 

0,  2.214.  0.  4.  11,204 

14, 

0. 

0, 

OYTE  1.241. 102.  2.  41,204. 

0.  1.214.  0.  12.  17.204 

10, 

0, 

0, 

.BYTE  1,131,140,  1,  30.  12. 

0.  2.204.  0.  4,  13,204 

12, 

0, 

0. 

.OYTE  1.  40.140.  1.  30.204. 

0.  0.203.  32.  24.  34 

14, 

0, 

0. 

•BYTE  07,140.  1.  40.204. 

0.  0.201.  44.  0.  34 

14, 

0, 

0, 

•OYTE  210,143,  4,  It.  12, 

0.  1.200.  S.  4.  10.204 

14. 

0, 

0, 

•OYTE  1.243. 112.  2.  41.204. 

0,  1.204,  0,  12.  17.204 

10, 

0, 

0. 

■BYTE  2.111.140.  1,  10.  12, 

0.  2.204.  0,  4.  11 

24, 

0, 

0, 

.BYTE  210.140.  4.  14.  11, 

0.  1.110.  0,  4.  11.204 

,  24, 

0. 

0. 

.IYTE  1,211.110.  4.  11.  12, 

0.  1.  1,  0.  4.  14.204 

,  I*. 

0, 

0. 

.BYTE  2.243.102.  2.  41.204 

0.  1.204.  0.  12.  37 

.  If, 

0, 

04 

.BYTE  131.140.  1,  10.  12 

,  0,  2.214.  0.  4.  11,214 

,  If. 

0, 

0. 

.BYTE  1.111.140.  0.  11.  12 

0.  2.204.  0.  4.  13.204 

,  1*. 

0, 

0, 

•BYTE  2.243, 112.  2,  41.204 

0.  1,204,  0.  12.  37 

,  20, 

0, 

0. 

.BYTt  219* 14).  4.  34,  12,  20. 

0,  3.255,  0,  4.  15,254 

0, 

0 

.BYTE  2,  131, 140,  3.  35,  12 

0.  2,254.  0,  4.  13 

.  24. 

0. 

0 

.BYTE  195,  130.  5,  37,  12,  24, 

,  0,  4,  0,  0,  4,  15.254 

0. 

.BYTE  1,141.111,  1,  41,104,  10,  0. 

0.  0.  1,114.  0.  11.  17 

.BYTE  HE.  140.  4.  04,  11.  II.  0. 

0.  0,  0.100.  0.  4.  10.104 

lATTACE/BETMAT  1  (011-10441 


Itcuu  1 

.»m  1,147,115, 

4.  39.  12.  4. 

0, 

0.  0.  4,  1.  1, 

4,  14,134,140 

/ICUU  2 

.im  1,233,115. 

ft,  39.  12.  14. 

0, 

0.  0,  1.  1.  1. 

ft.  1ft.  o 

.byte  1.131.130. 

4,  37,  12.  12. 

0, 

o,  o.  «.  e,  l. 

4,  14.  0 

.BYTE  1,  79,115. 

ft.  39,  12.  10. 

0. 

0,  0.  4.  1,  1, 

ft.  1ft, 139, 139 

itCUEB  1 

.BYTE  2.171.130, 

S.  37.  12.  9, 

0. 

0,  0.  4,  0,  2. 

ft.  14 

.BYT*  44.144, 

4,  34,  12.  B, 

0. 

0,  0,  3.245.  2, 

4,  14,134,134 

ficutx  4 

.BYTE  2,  13, 130, 

4.  37  44.  14, 

0. 

0.  0,  4,  0.  2, 

4.  14 

.BYTE  59,145. 

4,  34,  12.  14, 

0, 

0.  0.  3,215.  2. 

4.  15,131 

.BYTE  1,211,140. 

3.  34,  12,  12, 

0. 

6,  0,  2.254.  1. 

4.  13,131 

.BYTE  1,103,145. 

4.  34.  12.  9, 

0, 

0.  0,  3,255,  1. 

4,  13,134,140 

jICUIM  5 

.BYTE  1,253,140, 

3.  35.  12,  B, 

0, 

0,  0,  2,254.  1. 

4,  13,  0 

.BYTE  1,  43.152. 

2.  41.204.  ft. 

0, 

6,  0,  1.254.  1. 

12.  37,134.134 

jiCUEX  4 

.BYTt  1,111.140, 

3,  34,  12,  12, 

0, 

C,  0,  2.254,  1. 

ft.  13,131 

.BYTE  1,251.  152. 

2,  41,204,  9, 

0, 

0.  0,  1.254.  1. 

12,  37,131 

.BYTE  2.  41.145, 

1,  39,204.  4, 

0. 

0.  0,  0,255,  33. 

24,  34 

.BYTE  19.145. 

1,  40,204.  4. 

0, 

0.  0.  0,255,  49. 

0,  34.132.130 

.BYTE  3.  47,152. 

2.  41.204.  20, 

0. 

0.  0,  1,254.  3, 

12,  37 

.BYTE  119.152. 

2.  41.204.  20. 

0. 

0,  0.  1.254,  3, 

12,  37 

.BYTE  19.140. 

3,  34.  44.  20, 

0, 

0.  0.  1.104.  1.  4,  11.140 

•BYTE  1.107.111,  1,  41.104,  E,  0, 

0.  0.  1.104.  1.  11.  17 

.BYTE  107. 1E0.  1.  IE. 104,  E.  0. 

0.  0.  0.100.  14.  14.  14 

•BYTE  111.140.  1.  40,104,  I,  0, 

0.  0.  0.100,  OO,  0.  14,114.110 


.BYTE  3.  29,145. 

1. 

39.204, 

20, 

0, 

0. 

0.  0.255.  3ft, 

24. 

34 

.BYTE  77, 145, 

1, 

40.204. 

20. 

0. 

0, 

0,  0,255,  52, 

0, 

34 

.BYTt  91.152. 

2. 

41.204, 

20, 

0, 

0, 

0.  1.254,  4. 

12. 

37 

.BYTE  153.152. 

2. 

,  41.204. 

20. 

0, 

0, 

0.  1.254.  4, 

12. 

37 

.BYTE  255,152. 

2, 

.  41,204. 

20. 

0, 

0. 

0.  1.254,  4. 

12. 

37.144 

.BYTE  1.111,140.  3.  JO.  11.  4.  0. 

0.  0.  1.104,  1,  4.  11.111,114 

llCBEEK  < 

.BYTE  1.100.101.  1,  41,104.  11.  0, 

0.  0.  1.114.  1,  11.  17.  0 

■BYTE  1,101.140,  1,  10.  11.  10.  0. 

0.  0,  1.104.  1,  4,  11,  0 

.BYTE  1.100,140,  1,  15,  1»,  •.  0, 

0.  0.  1.104.  1.  4.  10.114.140 

; 1CBXEM  10 

.BTT4  1.111,1*0,  1,  11.  11.  ».  0, 

0,  0,  1,114.  1,  4.  11.  0 

.BYTE  1.111.141,  4,  04,  11.  4,  0, 

0.  0.  1.101.  1.  4.  10.114,114 

l ICEEXM  11 

.BYTE  1.141,140,  1.  IS,  11.  14,  0, 

0.  0,  1.104,  1,  4.  11 

BYTt  01.141.  4,  >4.  11.  14.  S, 

0.  1.  1.110.  1.  4.  10 

.BYTE  110,140,  4.  >4,  11,  14.  0. 

0,  0,  0.100,  0.  4.  10.101 

.BYTE  1.101.130.  0.  07,  11,  12,  0, 

0,  0,  4.  0,  1.  4,  10.140.104 

ilCfttEX  12 

.BYTE  1.101,110,  I,  17,  11,  B,  0, 

0,  0.  4.  0,  1,  4,  If,  132 

•BYTE  1.23*. 130.  0,  17.  11,  4.  0, 

0,  0.  4,  0,  1.  4.  10,132.314 

jiCUEX  13 

.BYTE  2. 147,  110.  4.  04.  11,  14,  0. 

0.  0.  0.  1.  1.  4,  14 

.BYtE  43.130.  3,  37,  11.  14.  0, 

0,  0,  4.  0,  1,  4.  IS,  0 


.BYTE  1,007.111.  «,  IB,  It.  11.  0. 

0,  0.  I.  1.  1.  4,  14.140.140 

I ICEEXM  14 

.BYTE  1.100. 111.  f.  04.  11.  I.  0. 
0.  0,  0,  1,  1.  4.  14.100.101 

.END 

.Lit  UHU 
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XOCIiB  LDA 

#1 

211 
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40 

LDA 
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cxb 

4'  X 
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YSX020 

DEY 

TYA 


JSA 
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ADDB 

9A3.S4 

JKF 

YSKOJO 

YSK020 

TYA 

JSA 

FLOAT 

ADDB 

9A3.SS 

YSMQ30 

JSA 

UTKL 

YSR040 

LDY 

4255 

JSA 

WAIT 
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JSA 
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LDY 
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JSA 
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J  SP¬ 
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ATS 
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BTA 
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BTA 
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iro 
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JSA 
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40 

EKE 
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DEC 
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CLC 

ATS 
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SEC 

ATI 
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LDA 
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4247 

EXE 
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ATI 

.OFT 

NOL 

II  .BYTE  117. '0417'. 1B4.-0  YOU  BAXT  TO 
tttt  AECOAOJ7' , 17. 17, 13 
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B2  .BYTt 

32.133,*  *.3.217,107.211 

',131, 133 

•  BYTt 

137.  137,*  NO’  .  143,13 

B3  BYTt 

32.131. * 

*.131.137,137 

,  137.  133.  'YES  *,m.* 

.BYTE 

3,204.207.113, 143. 13 

B4  BYTE 

3, 133. ' 

*.217.117,211 

,  *  * 

13  -BYTE 

5.113.*  *.204,207.* 

•  OPT 

HIT 

.emu 

.OPT 

MOL 

.LIB 

DESCRIPTION! 

DIM CAP  ADDB 

ire.otsc 

LDX 

HOLOl 
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DISC  SO 
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40 

PiMOlO  DBM 

uo 

DES020 

LDA 

(•rii.Y 

CL C 

ADC 

41 

CLC 

ADC 

on 

1TX 

IPB 

LDA 

•PC 

ADC 

40 

BTA 

4PC 

JUT 

DES010 

DBM 020  LDA 

440 

BBC 

SBC 

(•rti.Y 

UR 

A 

TAY 

LDX 

•  0 

DEM  030  LDA 

432 

fTA 

TEMP.  X 

INK 

DEY 

urt 

DES03 0 

LDA 

<4r0),Y 

STA 

HOLOl 

IKY 

DU040  LDA 
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BTA 

TEMP.X 

INK 

imr 

DEC 
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DES040 
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tTD  .START 
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444 

DU010  CM2 

•TE  ; PINAL 
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DES040 

BEO 

DEMO 40 

LDX 

•0  /BLACK 

BTX 

444 

DEJOIO  LDX 

432 

OTX 

TEMP 

BTX 

TEMPO 

OAA 

441 

BTA 

TEMPO 

CM2 

43* 

BME 

DtlOfO 

LDA 

4'  1 

BTA 

TEMP 

LDA 

4' 0 

BTA 

TEMPO 

DEMOB 0  LDA 

4'  i 

BTA 

TEMPO 

LDY 

40 

LDA 

<irB) . y 

PHA 

TAY 

DEf 100  LDA 

(IPS) , Y 

BTA 

TEMPO,  Y 

OEY 

BME 

OEM  100 

PLA 

TAY 

D1MC 

IPB 

CLC 

ADC 

4FB 

PMA 

LDA 

IPC 

ADC 

40 
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•  PD 

PKA 

IDA 

•PE 
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LDA 

413 

IMY 

BTA 

T1MM4.Y 

TXA 

1MY 

•TA 

IIPDI.Y 

IMY 

TYA 

/•MAP  COMAE- 

xmr 

CLC 

/  •POMDIMO  Y 

XMY 

ADC 

BSAT  /  VALVES 

IMY 

TAY 

ADDA 

•A3.  TEW 

DEY 

BTY 

LEASTS 

LDA 

OPD1.Y 

J!R 

LETHL 

TAX 

PLA 

IMY 

BTA 

•PE 

LDa 

(•roi.Y 

PLA 

DEY 

BTA 

•PD 

•TA 

WD),Y 

PLA 

IMY 

STA 

•PC 

TEA 

PLA 

•TA 

IBPDJ.Y 

BTA 

•n 

TYA 

XMC 

HOLOl 

•EC 

LDA 

HOLOl 

•EC 

BERT 

CMP 

410 

TAY 

BSQ 

ouuo 

SBT20 

CPY 

NOLO 

JMP 

DE4040 

IMS 

•AT  10 

DEI  110 

STB 

LDY 

40 

DE1C 

.STTB 

DEC 

HOLD 

31.201 

.  *  BTBOOTCt  ION /  * ,  2 1 1 .  *  OPPCRTED 

BME 

•AT  10 

*,204. 

'osmoN' 

•BT30 

BTB 

.btti 

33,  241 .  *  mtroouct  ion/',m,  'msupported 
*.  aoi.  'otttxoM* 

.  BYTB  32*212, * IMED 

*.212.*A*«Tf/'.aU,#WK*nO 

*,201,  *O*ITI0N* 

.BYT1  34,212, * IKED 
*,212.  'AACETS/' ,213, *  B»VPPCRTEX> 

«.20l,*0tlf!0r 

.BYTE  22,201, ' ARCTICS  *,210.*tCORD 

*  ,  111,  ’  111  *.201 

.  1TTS  23.201. 'RAC7XCE  *,210,'BCOAD 
',  HI,'  111  *.  201.201 

.BYT!  12,210.  *BCORD  *.!••. *IR»* 
.BYTt  17,210.  'AMD  *.210.'ECOAD 
* ,  Ill,  *  ZU' 

.BYT!  1 1, If S, ' QMBAT  * . Iff, *  IBS' 

.end 

.  lib  ctrmrianT 
/  atm  AND  BOUT 
/PROCEDURE  «TXY 


.end 

.LIB  KlUICUiil 
1 1 BOCED0RE  KELpSC 
i  poo  appavriatb  mout  ip  on 
I  BLTOPl  CAU.  1  MO 


/DETERMINES 

BULLET  B TRIKE 

I Ei NOME 

/ Ci SYS 

CETXY 

l Ai PUTS 

i  TM* 

BULLET  STRIKE  (X  AMD  Y 

/  VALUES)  1M  XV AL  AMD  YVAL . 

OETXY 

LDA 

•nut 

•TA 

MI»T 

JM 

•OAT 

LDA 

•THEE  /PXMD  THE 

Lit 

A  /  MEDIAN  Or 

TAX 

/  THE  •ATBUF 

LDA 

8ATSVP . X 

AJL 

A  /•  2 

•TA 

XV AL  /SET  VP  POA 

LDA 

40  /  ADDITION  Of 

»CC 

cry  io  i  orrtET  x 

LDA 

41  /BULLET  RIGHT 

CXY10 

•TA 

XVAL*1 

DADO 

XVAL,  OPTX 

LDA 

•THEE  /PIMP  MEDIAN 

LSI 

A  /  OP  THE 

CLC 

/  Y  HALT  OP 

ADC 

•TSIEE  i  THE  IATBVF 

TAX 

LDA 

SATSVT.X 

•TA 

YVAL  /  Y  MEDIAN 

LDA 

40  /SET  VP  POP 

•TA 

YVAL* 1  jOrpSET  ADO  Y 

DADD 

YVAL.  OPT  Y 

ATI 

i 

1  mOClDJM  NONT 

/•Of TP 

MSAT 

ELEMENT!  IN  SBTfVP 

/••POKE  MSAT,  (4  OP  ElXMEMtS) 

/Ci*Y* 

•OAT 

/AitLEPtem 

1M  SATBVP  ARE  SORTED 

•OAT 

ADDA 

•PD,  BRTiUP 

LDY 

MIST 

EEO 

•AT30 

DEY 

BEO 

•AT20 

•TY 

HOLD 

LDY 

40 

•AT10 

LDA 

I4PD1.Y 

IMY 

CMP 

(IPD).Y 

BCC 

•AT20  t DON'T  SORT 

TAX 

/•HAP  X  VXLS 

LDA 

(irD).Y 

DEY 

•TA 

(IPD).Y 

HELP  SC  LDA 

•rs 

CMP 

41 

EEO 

RLP010 

JMP 

BLP040 

/ TARGET  ARRAY  <|PB-1) 

RLP01C  DSPL 

W010.0U020 

LDY 

47 

RLP020  LDA 

412 

•TA 

V43S.Y 

TYA 

CLC 

ADC 

434 

STA 

2040, Y 

DEY 

EMI 

RLPO20 

LDA 

424 

•TA 

V*l« 

LDA 

4224 

•TA 

V*23 

•TA 

V*2f 

LDY 

413 

HLPOJO  LDA 

BP LOCI, Y 

BTA 

V*2,  Y 

DBY 

BPL 

RLP030 

LDA 

4234 

BTA 

V*21 

BTB 

HLP040  CMP 

42 

BIO 

BLP030 

BTB 

,NINB  INSTRUCTION!  (STN-II 

rLP050  LDA 

43B 

;30  METER 

BTA 

2044 

/  TARGET  IN 

LDA 

440 

/  BP  4-3 

BTA 

2043 

LDA 

433 

/130  ATE  A 

BTA 

2044 

;  IN  BP  4 

LDA 

434 

/ 300  MTEA 

BTA 

2047 

/  IM  BP  7 

LDY 

43 

LDA 

412 

RLP040  BTA 

V*4 3, Y 

DBY 

EPL 

RLP040 

LDY 

43 

/SIGHT  POST 

RLP07O  LDA 

443 

/  IN  If  1-3 

STA 

2040, Y 

LDA 

40 

•TA 

VOf ,  Y 

DEY 

BNE 

HLP070 

LDA 

442 

•TA 

V*23 

BTA 

V*2f 

LDA 

4134 

BTA 

V*  1 4 

LDA 

40 

BTA 

V*24 

LDY 

413 

•LP 010  LDA 

SPLOC2,  Y 

BTA 

V*2,  T 

DEY 

BPL 

HLP0I0 

LDX 

40 

,*30  M 

JSA 

GETMMD 

CLC 

G~18 


ADC 

v»2 

•TA 

V*2 

LDX 

*1C 

JBR 

St  THUD 

CLC 

ADC 

V*4 

ITA 

¥♦4 

LDX 

#40 

JEN 

C«TN HD 

CLC 

ADC 

V«C 

ETA 

v+c 

LDA 

♦  234 

ETA 

¥♦21 

smart  lda 

RIND 

and 

♦  OC 

MO 

CT1T020 

in 

»ro 

LDA 

■  IND 

AMD 

#7 

CLC 

ADC 

•rt 

TAX 

LDA 

RIND 

AND 

932 

•HE 

OTNOlO 

LDA 

•TABLE.  X 

UR 

A 

UR 

A 

UR 

A 

UR 

A 

JMf 

OTN020 

cntoio  LDA 

RTAIU.X 

AND 

415 

OTN020  BIT 

RIND 

RMI 

CTR030 

BOR 

#253 

cm030  RTE 

bsloci  .*m 

144,  170,  224.  ICO,  10,150.  30.  140,40,  ICO.  II,  1C 

§,1)0,130 

»tioc2  ,»m 

72.  174.173.  ISO,  n.  131.41,  ICO.  §C,  ICO.  IIS,  17 
0.20. 140 

Hpisoio  .»rrt 

134. 'OB'  .144, 14?.  133,  *  13*  ,  133. 137. '  0704'  .2 
12.  '  AACET  WCtJ' 

•  BYTE 

133,  137,  '07213*. 207. 'M’ . Ij7. *  14101'  , 207, 20 
7.'*' 

137, *201115* .207. »H* . 1J7. ' 25172' . 207. 207. * 

M‘ 

BYTE 

137, *101425', 207. *H', 137. *33143*. 207. 207.* 

M' . 141 

hmboio  -• 

•  END 

.Ll>  HICHSCOU 
/ 2 ROCtDU RE  HIBCOR 
,KLl  (ST  THESE  ROUTIirtl  ARE  CALLED 
i  PROM  HXSCCR  IN  THE  3400-H0I 
/  MACHINE  LANGUAGE  AALA 
HI ICOA  LDX  CODE) 

INI  Hi f 01 0 

J«1  OETINI  jCOCtl-0 

RTI 

/ BOUT 2 HE  TO  SET  LUT  PIREP' S 
/  RANKING .  OCORt  SHOULD  »E  IN 
;  fAl  AMD  COOEI-1-  RANI  BILL  HI 
/  RETURNED  IN  THE  VARIABLE  BANE- 


Hi B0 10 

DEX 

•NE 

HIBDC0 

LDA 

11 

BTA 

rank 

LDT 

13 

H1S020 

LDX 

10 

Mil 030 

LDA 

TINT, Y 

CMP 

•7.X 

DCC 

Hi  40  50 

•NE 

INX 

INY 

•1*040 

CTX 

15 

•cc 

Hi  40  30 

•CE 

Hi 1050 

f 11040 

LDA 

RANK 

ABL 

A 

AIL 

A 

AJL 

CLC 

A 

ADC 

TAY 

13 

INC 

RANK 

COT 

•  •3 

•CC 

H14020 

HI40S0 

RT  4 

H1B0C0 

DEX 

•SO 

H*  10  70 

JNP 

Mis: )0 

H1B1 tO  LDA 

PINMS2~1 , Y 

/ROUTINE  TO 

VTOKL  initiau  and 

BTA 

0112-1,  Y 

/  § RECENT  A 

LITTLE  DEMO.  SET 

dey 

l  COOtl-2,  BUT  ECORE  IH  fAl  AND 

•ME 

■mso 

/  PUT  RANKING  IN  RANK  BEPORE 

LDY 

♦  7 

/  CALLING. 

LDX 

#0 

HIE070  LDA 

RANK 

LDA 

#1 

BTA 

HOLD1 

BTA 

BOLD 

LDA 

#11 

lda 

hold 

BTA 

RANK 

R1B140  CMS 

RANK 

JSR 

RIS130 

BNB 

BIB 170 

LDA 

•  43  iBIWT  POST 

LDA 

#4 

BTA 

2047 

BTA 

•112. Y 

LDA 

•  0 

■1B170  IDA 

T1MP.X 

BTA 

¥♦!• 

BTA 

•  1§2»4,  Y 

BTA 

V#*i 

LDA 

TEMPO. X 

LDA 

#121 

STA 

ntao.Y 

BTA 

¥♦13 

LDA 

TEMPO.  X 

BTA 

¥♦21 

BTA 

•  1B20.Y 

LDA 

#1 

TXA 

BTA 

¥♦41 

CLC 

LDX 

#0 

ADC 

•• 

RtSOlO  TEA 

TAX 

AEL 

A 

TYA 

TAY 

CLC 

LDA 

CUHBPL.T 

ADC 

112 

BTA 

¥♦14 

TAY 

LDA 

GVNBPLtl.Y 

INC 

BOLD 

BTA 

¥♦13 

LDA 

hold 

LDA 

•  121 

CMP 

•  11 

BTA 

¥♦>1 

BCC 

■IB140 

LDY 

#1 

ADDR 

#A3 ,  B1B2 

JBR 

US  HA  IT 

JBR 

una 

INX 

RTS 

CTX 

#10 

•ETUI  ADDR 

•A3.B0ARD1 

•CC 

BIEOIO 

LDA 

♦  BOARD  2- BOARD  1 

RISOtO  »TX 

HOLD  2 

BTA 

LENETR 

TXA 

JSR 

UTML 

BEC 

LDA 

#13 

BBC 

#1 

STA 

HOLD 

ASL 

A 

IKl 0 1 0  ADDR 

IA3.BOARD2 

TAY 

LDA 

I BOARD 3 -BOARD# 

LDA 

CUMEPL.Y 

ITA 

UNITE 

BTA 

¥♦14 

J1R 

UTML 

LDA 

OVNSFLtl,  Y 

DEC 

MOLD 

BTA 

¥♦15 

SHE 

IN1010 

LDY 

•  1 

ADDR 

|A3. BOARD  3 

JBR 

MS  HA  IT 

LDA 

•BOAAD4-BOAAD3 

JBR 

HSBUHP 

STA 

LEMtTB 

JBR 

•AMO 

JBR 

UTML 

JBR 

■  XI140 

LDA 

•  3 

LDY 

•  3 

BTA 

HOLD 

JBR 

MBNA IT 

XHI020  ADDR 

•A3. BOARD# 

LDX 

HOLD! 

LDA 

•BOARD  5 -BOARD# 

CPX 

HOID1 

•  TA 

UMSTR 

BIO 

HXS100 

JBR 

UTML 

DEX 

DEC 

HOLD 

IKl 

HISOtO 

•NE 

1NI020 

HIS100  BTX 

RANK 

ADDR 

#A3. BQARD5 

DEX 

LDA 

•  •OARDE-BOARD3 

TXA 

ETA 

LEMtTR 

ABL 

A 

JSR 

UTML 

ABL 

A 

JSR 

DBAS  LX 

ASL 

A 

LDA 

#0 

TAY 

STA 

¥♦23 

LDX 

#0 

BTA 

¥♦2# 

H1B1 10  LDA 

INIT4.K 

BTA 

¥♦31 

BTA 

TEMP, Y 

BTA 

111 

INK 

BTA 

MOLD1 

1RY 

LDA 

11 

CPX 

•  3 

BTA 

¥♦31 

•CC 

HXfllO 

BTA 

¥♦21 

LDX 

#0 

LDA 

#42  /CROSS 

HI  1 120  LDA 

§7 ,  X 

BTA 

2040 

•TA 

TEMP, Y 

111030  LDX 

#0 

INX 

LDA 

33247  iX  BEADING 

INY 

ABL 

A 

CPX 

•  3 

BTA 

XV  AL 

•CC 

Hit 120 

BCC 

IN  1040 

LDA 

#0 

INX 

•TA 

V*21 

1NI040  BTX 

XVAL+1 

JBR 

■11140 

LDA 

3324#  /Y  READINO 

LDY 

IB 

BTA 

YVAL 

JBR 

HBMAlT 

LDA 

XV  AL 

RTB 

CLC 

/ROUTINE  RHICH  PRINT#  THE  INITIAL# 

ADC 

O TPX 

/  PROM  TEMP.  «C?  OOOE1-3  AND  PVT 

BTA 

XV AL 

t  RANI INC 

IB  RANK  BEPORl  CALLING. 

LDA 

XV  AL*  1 

/  IP  THJB  ROUTINE  XB  CALLED  AT 

ADC 

orrx*i 

i  HI# 140,  ONLY  THE  INITIALS  ARE 

BTA 

XV AL*  1 

/  PRINTED 

(THE  B CREEK  IB  ROT 

LDA 

XV AL 

;  CLEARED  l 

AXD  'HIGH  SCORE'  11  ROT 

BEC 

l  REPRINTED) . 

BBC 

•  10 

HXE130  ADDR  |A3,PINMSl 

•TA 

XV  AL 

LDA 

#r 1 KMJ  2 -P IXM# 1 

LDA 

XV  AL*  1 

#TA 

LlMfTR 

BBC 

♦0 

JER 

LETHL 

BTA 

XVAL*1 

H If  14 0  LDY 

# BOARD  1 -P INK# 2 

LDA 

YVAL 

•TY 

UNITS 

CLC 

G-19 


▼ 


ADC 

OTfT 

DtX 

•TA 

rvAi 

AMt 

:*n*o 

LDA 

*0 

1U120Q  #9* 

ADDAfA 

ADC 

orrru 

LDY 

HI 

•TA 

TVAL*l 

1*1210  LDA 

(STD) . Y 

LDA 

•EC 

yval 

•  TA 
DAY 

nm,Y 

ISC 

#» 

APL 

1*1210 

•TA 

YVAL 

LDA 

ir» 

LDA 

YVAlU 

CLC 

•  <320 

•  AC 

10 

ADC 

•TA 

YVAL*  1 

•TA 

•PA 

LDI 

XV  AL 

LDA 

ire 

LDA 

XVALU 

ADC 

#>320 

AAt 

1*1040 

•TA 

»PC 

e?x 

*33 

LDA 

IPD 

ACS 

|*!040 

CLC 

LDI 

*33 

ADC 

#<320 

111419  STX 

XV  AL 

ATA 

•PD 

jut 

1*10*0 

LDA 

•rt 

mnt  cm 

IS! 

ADC 

*>320 

»cc 

1*1070 

STA 

•Pt 

LDX 

*37 

LDY 

#13 

1*1070  STX 

XV  AL 

1*1220  LDA 

(•PD) .  Y 

1*1010  LDX 

YVAL 

•TA 

(SPA).Y 

LDA 

YVALU 

DAY 

Itl 

1*10*0 

APL 

1*1220 

CPX 

144 

lda 

3*321 

ACS 

1*1 100 

Off 

♦247 

1*10*0  LDX 

#44 

•AQ 

2*12)0 

Jiff 

1*1110 

lda 

SOLDI 

1*1100  crx 

•  17J 

AMI 

2*1240 

ACC 

1*1110 

JKP 

1*1320 

LDX 

#172 

1*1230  JIA 

AAA  a 

1*1110  STX 

YVAL 

1NI240  LDA 

H0LD1 

LDA 

XV  AL 

AMD 

#12? 

•TA 

V 

STA 

HOLD! 

LDA 

XV  ALU 

LDX 

YVAL 

AJTD 

#1 

ctx 

#3 

•TA 

VU* 

ACC 

1*12*0 

LDA 

YVAL 

DtC 

XVAL 

•TA 

vu 

LDA 

XVAL 

lda 

*1 

Off 

#233 

•TA 

vu  i 

AML 

1*12*0 

lda 

XV  AL 

LDA 

HOLD! 

•tc 

ANE 

1N12S0 

SAC 

#33 

JKP 

1*1320 

•TA 

XV  AL 

1*1230  JSA 

ADD ATS 

LDA 

XV  ALU 

LDY 

#13 

•  AC 

#0 

LDA 

#0 

•  TA 

xvalu 

1*12*0  STA 

(irs> .  y 

LDX 

#0 

SET 

1*1120  LDA 

xvalu 

•PL 

1*1240 

•  ME 

1*1130 

LDA 

•  PA 

LDA 

XVAL 

CLC 

♦  <320 

Off 

Ml 

ADC 

ACC 

1*1140 

STA 

•  PS 

1*1130  LDA 

XVAL 

LDA 

•  PC 

ACC 

ADC 

#>320 

•AC 

#41 

•TA 

•PC 

•TA 

XVAL 

LDY 

#11 

LDA 

XVALU 

LDA 

#0 

ABC 

#0 

1*1270  ITA 

(IPS) • Y 

•TA 

XVAL* 1 

Dtr 

1*1270 

1NX 

BPL 

-fttf 

1*1120 

LDA 

#233 

1*1140  ATX 

XVAL 

LDY 

#13 

LDX 

*0 

•  TA 

(#PB),Y 

LDA 

YVAL 

Dtt 

•tc 

•TA 

(#PA).Y 

••C 

#44 

0EY 

1*1110  Off 

#33 

•TA 

UPSJ.Y 

ACC 

1*11*0 

DAY 

AlC 

•TA 

(•PB).Y 

•AC 

*33 

LDY 

#7 

l*x 

•TA 

(#PA),Y 

Jiff 

1*1150 

DtY 

(|fl) « Y 

1*1110  ATX 

YVAL 

•  TA 

ADDA 

•rp.Mt# 

DtY 

LDX 

XVAL 

•TA 

(Ifi).t 

•to 

1*11*0 

OEY 

l#fA).Y 

1*1170  LDA 

•rD 

STA 

CLC 

DEC 

MOLD  1 

ADC 

*40 

Jiff 

2*1320 

StA 

•pd 

1*1210  Off 

43 

LDA 

m 

SNA 

1*12*0 

ADC 

*0 

LDA 

432 

•TA 

in 

JMP 

1*1310 

DtX 

1*1290  LDX 

#7 

AMI 

1*1170 

LDA 

40 

2*1110  LDX 

YVAL 

1*1300  CLC 

YVAL 

AtO 

1*1200 

ADC 

1*11*0  LDA 

•ro 

DAX 

1*1300 

CLC 

ANA 

ADC 

#<12*0 

CLC 

•TA 

•yd 

A DC 

XVAL 

IDA 

ire 

CLC 

♦  1*3 

ADC 

#>1210 

ADC 

•TA 

•re 

1*1310  LDY 

HOLD1 

•TA 

IVITS.Y 

l*C 

HO  LDI 

CPY 

#2 

•CA 

1*1340 

1*1320  LDA 

3*321 

Off 

*253 

AMI 

1*1320 

LDX 

1*4 

LDA 

•233 

1*1330  SAC 

•AC 

#1 

■ME 

1*2330 

DEX 

EXE 

1*1330 

Jiff 

1*1030 

2*1340  LDA 

1*311 

Off 

#253 

AMt 

1*1340 

IDA 

*0 

•TA 

V*ll 

•TA 

111 

ATS 

ADDAFA  LDA 

IX)  LDI 

AIL 

A 

ML 

A 

ML 

A 

ML 

A 

ML 

A 

CLC 

ADC 

•<13440 

•TA 

•FA 

LDA 

#>13440 

ADC 

#0 

STA 

•rc 

ATS 

BSMAir  PSA 

TXA 

PMA 

LDA 

#233 

TAX 

MN010  SEC 

•AC 

#1 

AMt 

HS*010 

DEX 

AMt 

*3*010 

DEY 

•*t 

MJA010 

FLA 

TAX 

PLA 

ATE 

M5BUKP  TXA 

PMA 

EEC 

SAC 

#1 

ML 

A 

AAL 

A 

ML 

A 

PMA 

TAY 

CPY 

#72 

AtO 

MAA020 

LDX 

#• 

HSB010  LDA 

TEMP , Y 

•TA 

TEMFtS.Y 

I  MY 

DEX 

t*t 

HSB010 

EJB020  LDX 

#3 

FLA 

TAY 

LDA 

#32 

MSB030  VTA 

TEMP,  Y 

imr 

DEX 

•ME 

MJB030 

FLA 

TAX 

ATS 

OVMAPL  .BYTE 

*7,  7*,  14*.  7*,f7.  103,  24*.  103, *7.  117.  14*.  127 
.  AYTE  *7.1*1,24*.  1S1.*1.  175,  lit.  17$ 


final  im 


134, ' 03' , 147, 133 

'OO'.lJC.'OO'.  133 

.»YTE  137 

' 31 02 LEVEL  f  MICH 

F1KHS2  .BYTE  133 

14, 137 

,  '030*',  30, 

',137. '2204*  ,30. 

2 

.BYTE  137 

*030*' 

,30,*  3 

'  ,137.  '2203*  ,30. 

4 

.AYYE  137 

*  0312' 

.30,'  3 

' ,  137, '  2212* ,  30, 

4 

.ETTE  137 

'0313' 

,30,'  7 

' ,  137,  *  2211' ,  30, 

• 

.»YTi  137 

'0311' 

.30,*  » 

».  137.  *1111'  .so. '  10  ',114. *01' 


•caadi  .»m 

s,ui,'o*M47,  ns.  'U'.m,  mi 


G-20 


.byte 

STUOiO  STA 

•  1  *,  Y 

1MX 

174.  1*2. 1*2, 1*2.  1*2.1?*.  1*2.  1*2, 1*1, 1*2. 17 

OEY 

LOA 

oata.x 

1, 1*2. 1*2,112. 1*2 

•HE 

ITU010 

•TA 

•TOP 

.byte 

LOT 

47* 

•  IT 

101 

171. 1*2. 1*2.1*2.1*2.171. 1*2.  1*2.  1*2.  1*2, 17 

STU020  LOA 

XX I  OAT* 14314 , Y 

•PL 

•TV070 

1,1*2.1*2.1*2.192 

STA 

zxisur.Y 

•TA 

45 

.BYTE  171. 1*2.  1*2,  112.1*2. 17«.  140 

DET 

o 

o 

e 

m 

I« 

KMC2  .BYTE  '  -.221.*  *  ,221.  * 

SPL 

•TU020 

LDA 

DATA.X 

♦,221. *  *.221. •  '.221,* 

ERA  LDA 

40 

•TA 

STOP*! 

BYTE  221.*  *  ,121,  *  *,221.140 

•TA 

13290 

BIT 

101 

boards  .»m  * 

STA 

S3291 

BPL 

STV090 

MM,  1*2. 1*2. 1*2, 1*2. 1)7, 1*2. 1*2. 1*2. 1*2. 

STA 

•  DPFF 

•TA 

44 

177,1*2.1*2.1*2 

LDA 

443 

m 

3 

O 

© 

I  NX 

im 

STA 

13243 

LDA 

DATA.X 

1*2,177,1*2. 1*2. 1*2.1*2.  177,1*2,  1*2.  1*2.1* 

ADO* 

IPO, 4*152 

•TA 

•A3 

2,177,1*2.1*2,1*2 

ADD* 

•TOP. PIN 

zinc 

.byte 

ADD* 

1X3, $9000 

LOA 

DATA.X 

1*2.177, 1*2, 1*2. 112. 1*2. 11*. 127, ' 0004* 

JS* 

M0VEXT-143I4 

•TA 

•A4 

board*  .byte  ' 

JKP 

ME  NIOC 

XNX 

*,171. 1*2, 1*2. 1*2.1*2.21*. 1*2. 1*2.  1*2. 1*2, 

MtMLOC  LDA 

1234 

/DISABLE  SUM 

JS* 

940VBIT 

11*. 1*2. 1*2, 1*2 

•TA 

•  01 

/  1  TCP 

KEY 

BIT 

101 

.byte 

LDA 

mi 

/DISABLE  COE 

•VC 

PRftfAR 

1*2, 21*. 192. 1*2. 1*2. 1*2,21*.  1*2. 1*2. 1*2. 1* 

•TA 

4*7 

/  SHIFT  KEYS 

RTS 

2,219.1*2.1*2,192 

LOA 

4*14314 

/BASIC 

START 

MOVE IT 

LDY 

40 

byte 

•TA 

441 

|G3  BOTTOM  L 

STU0S0 

LOA 

<SA31.Y 

1*1. 21*.  1*2. 1*2. 1*2, 1*2. 17*. 140,  140.  140,  14 

LDA 

4>143I4 

STA 

4SP01.Y 

0 

STA 

44 

/  BASIC 

EOT  H 

DISC 

IA3 

RCAADS  .»m 

STA 

442 

)QS  BOTTOM  H 

DXMC 

•PD 

117.* *402*.  122. 1*3.  2*. 2*. 2*.  1*4. 2*. 21. 2*.  1 

LDA 

!<14)I5 

LOA 

•PD 

*5. 2*.  2*.  2* 

•TA 

43 

/BASIC 

EOT  L 

09 

•TOP 

.irrt 

ADO* 

55,40*40 

/BASIC 

TOP 

•ME 

•TU090 

1 91. 2*. 29,  29. 1*7, 29,29,2*,  1*4. 2*. 29, 2*. 1** 

LDX 

40 

LDA 

•PE 

, 137. '0404' 

JS* 

PEIPAA 

CMP 

•TOP*  1 

.»rte 

JS* 

OPEMSC 

BNB 

STUCK 

200.  2*.  29. 2*.  201. 2*.  2*.  2*.  202. 2*.  2*.  2*.  203 

JKP 

STU040 

RTS 

.2*. 2*. 2* 

PEGS EL  LDA 

PEGKUM 

LITERS 

JSR 

LET3B1 

.  *TTE 

CAP 

•  1 

/CALIBRATION 

JS* 

57344 

2C4.29,  29.2  9.2'*:  2 »,  29.  29,  2  04. 137,  ‘0410' 

BNt 

JTU030 

JS* 

LETS B2 

•YTE 

LOX 

4 CALI* -DATA 

RTS 

207. 2*.  2*.  2*.  '01,2*.  29. 2*. 20*.  2*.  29.  2*.  210 

JS* 

PEIPAA 

LETKL 

LDY 

LEM ST* 

.2*. 2*. 29 

JKP 

STU0S0 

STU 100 

LDA 

UAJl.Y 

.BYTL 

STU030  CMP 

42 

/SIGHT 

PIC 

•TA 

LET BUT, Y 

21 1.2*.  2*.  2*.  212. 2*.  29.  2*.  2 13. 137.  0414* 

•  HE 

•TU040 

DET 

.*m 

LOX 

4S1TP1C-DATA 

CPT 

1253 

93,  2*.  2*.  29.  2 14.  2*.  2*.  2*.  2 15.  2*.  2*.  2*.  214, 

JS* 

PAXPAA 

•NE 

ETUI  00 

2*.  29.29 

JMf 

STU030 

ADO* 

IA3.UTBUF 

|YTt  2 17.29.2*.  2*.  21*.  2*.  2*.  2*.  32 

9TU04C  LDX 

4 I EROS C- DATA 

JSR 

LETSBl 

.BYTE  151.137. '0220' .1*7, 'HTt* 

JS* 

PEIPAA 

JSA 

57347 

YOU*'. 140.*  INITIALS’ 

JKP 

STU040 

JS* 

LET4B2 

.BYTE 

9TU030  LDA 

421 

/TEXT  SCREEN 

RTS 

137,' 2422* ,  17*,32,  17J.32.175.  134.  *  00' 

•TA 

53272 

UTSE1 

JSE 

DSABLE 

•GARDE  -• 

LOA 

♦  27 

SEI 

-two 

STA 

53243 

LDA 

1 

OPT  LIST 

LDA 

1147 

/CL*  SCREEN 

AND 

4253 

•  END 

JS* 

srroi 

•TA 

1 

•-4»1S2 

JTU040  LOA 

♦  32 

l  RAM 

RTS 

.orr  mol 

•TA 

sorrr 

LETSB2 

LDA 

1 

.  LlB  MACAOS-VAAS 

LDA 

♦o 

/CLEAR 

KEY- 

ORA 

47 

.tKB 

STA 

i*« 

/  BOARD  BUT 

•TA 

1 

.OPT  MOL 

JSK 

•AI71 

JSR 

EM  ABU 

ENABLE  *3400 

JKP 

IA7AE 

t  RUN 

RTS 

D SABLE  -3403 

OPEMSC  JS* 

OS  ABLE 

DATA 

.BYTE 

3  iSRM.3400 

SCENE  -3421 

LOA 

♦  0 

.WORD 

3400.7914,32741 

CTAAEC  -1000 

•  TA 

fRCMim 

.BYTE 

2  jB*M. SPRITES 

*e*CTl  -1001 

STA 

1*1 

.MO  AD 

2174. 3001, 3421B 

SCRCT2  -1002 

STA 

V*14 

.BYTE 

4  / SAM. BAS  (1) 

CVNDL  -1003 

•  TA 

V*21 

.MORD 

14394, 24574,32741 

.1*0*1)  ESTAM-14314.  ITEBC 

STA 

V*23 

.BYTE 

5  .SAM.SAS  (2) 

.•YTE  1*5.1*4.205, 34,49 

sta 

V*  2* 

.MORD 

24574, 32741,32741 

PAGNUH  .BTTt  0 

•TA 

V*2* 

•  BYTE 

1*1  BAH. BAS  (3) 

/ 

STA 

V*39 

.MORD 

3274*.  37*7*,327M 

/PAOCIDUAX  SELSUB 

LDA 

♦  34 

CAL  IS 

.BYTE 

1*4  /CALIBRATION 

/  SELECTS  SUBROUTINE  OH  CH0BK1 

STA 

2040 

.MORD 

14344, 17535,3274b 

;  SY  POKING  ADDRESS  FACW  SASIC 

ADO* 

•FD. 35330 

SITPIC 

•  BTTB 

9  / BA . 3400 

SELSUS  IDA  #1 

LOA 

♦  0 

.MORD 

3400.4017.40343 

sta  sorrr 

STA 

sr» 

/CHIP  4/BANK 

.BYTE 

7  ;BA. SPRITES 

JS*  3274* 

JS* 

SCENE 

.MORD 

2174,2114.40320 

LDA  132 

•  El 

.BYTE 

201  iSlOHTALleN 

sta  iDprr 

ADDS 

•314, START 

.•0 *0 

14314,234*3, 3274S 

ETI 

ADOS 

•PE, PM14 

I EROS C 

.BTTB 

7  /EERO. 3400 

JW  SRH  ;  S*M 

LOA 

140 

.MORD 

3400,4494,3*171 

J99  PEOSEL  /  PROSEL 

STA 

SCECT1 

.BYTE 

7  / EERO.  WRITES 

JKP  LETEM 

LOA 

11 

.MORD 

2174,223*. 40>57 

299  LETKL 

STA 

CTEAEO 

.BY« 

203  /  EERO. IAS 

219  OP  EM  SC 

LOA 

#0 

.MORD 

14344, 1*707,32744 

1ST AST  STY  $0014 

STA 

•A1 

.LIB 

INTRO 

JS*  If DA3  ; 101NIT 

STA 

IA2 

/INTRO 

ro*  BAM  CARTRIDGE 

JS*  IPOSO  ; RAM T AS 

CLI 

•TART 

LDA 

IA2 

JS*  irpiS  ; *14 TO* 

*ts 

AND 

43 

JS*  IPT5B  / ClMt 

PEEP A*  LOA 

DATA,  X 

BNE 

INL030 

CLI 

STA 

101 

ADD* 

$  A3, 1224 

JS*  SE4J3  / COPYVECTORS 

AND 

443 

LDX 

♦  12 

JS*  «E3»P  / 1MIT 

•TA 

•DPPP 

1ML010 

LDY 

♦  3 

ADD*  IPO. 57344 

l*y 

1ML020 

LDA 

(IA3) , T 

ADD*  ITOP.LETBUf 

LOA 

DATA, X 

CLC 

ADD*  IA3, 3*313 

•TA 

•ro 

ADC 

♦  14 

JS*  HOVEIT-14344 

1NX 

STA 

(SA3l . Y 

LDY  4204 

LDA 

Data. x 

DEY 

LDA  40 

STA 

Ire 

BPL 

1  ML  0  2  0 

G-21 


LDA  9*3 
CLC 

ADC  #40 
9TA  9AJ 
IDA  IA4 
ADC  40 
9TA  IA4 
DtX 

IMS  INLOIO 
INLOIO  LDA  9A1 
AMP  *3 
•tO  1NL040 
LDA  #19  j  SUH  9AM  C 

9TA  14399 
LDA  #10 
•TA  9427? 

LDA  #30 
•TA  34273 
LDA  #129 
•TA  94274 
LDA  #12* 

#TA  34274 
LDA  #13 

•TA  V  *PM?i  0 

LDA  #204 

•TA  V*1  It i  WAIT*  0 
LDA  #1 

•TA  V* 14  jAIGMT  X 
•TA  V*21  jJPAITE  CTNAG 
LDA  #0 
•TA  9A\ 

LDA  CTAAtG 
09A  #4 

•TA  CTAAtG 
ADDA  9 A3 ,1334 
LDX  #  9 
1ML040  LDY  44 
LDA  #33 

INLOIO  STA  (4A3I.Y 
OtY 

•f L  ZNL090 

LDA  4A3 
CLC 

ADC  440 
•TA  4 A3 

LDA  4A4 
ADC  40 
STA  9A4 
Dtx 

•N t  INLOIO 

LDA  #<13940 
•TA  IT D 

LOA  #<13944 
•TA  9C3 
LDA  l>il»4l 
•ta  in 

•TA  $C4 
LDA  #3 
•TA  CUNDL 
1NL040  LDA  CTAAtG 
AMO  4) 

•to  INL120 

LDA  9A 2  I  9CAQIL 

AND  47 

•NE  1NL120 

LDY  40 

INL070  LDA  13990. Y 
•TA  19972. t 
1NY 

•Ml  1NL070 
INLOIO  LDA  14134. T 
STA  14121. Y 

I  NY 

CFY  494 
|Nt  INLOIO 
LDY  #7 

IVL090  LDA  «lf»>.Y 
CM?  #234 
•to  1IL1O0 
•TA  14194. Y 
DZt 

•PL  IIL090 
LDA  ir» 

CLC 

ADC  #• 

STA  IPI 
LDA  9PC 
ADC  40 
•TA  src 
JKP  INL120 
XlfLlOO  LDA  #0 

STA  141S4.Y 
DtY 

•PL  2NL100 
DtC  i CACTI 
•NE  INL1 20 
LDA  13 
•TA  ICICT2 
ton  CTAAEC 


•TA  CTAAtG 
LDY  439 
LDA  #33 

XNL110  tTA  1994. Y 
DKY 

•PL  1NL110 
JNL120  LDA  CTAAtG 
AND  42 
BKO  1ML140 
LDY  42L2  illin 
INLliO  LDA  PTT9-1.Y 
•TA  13919. Y 
DKY 

•NK  1NL130 
LDA  1110 
•TA  •CACTI 
LDA  CTAAtG 
109  #44 

•TA  CTAAtG 
1NL140  LOA  CTAAtG 
AND  «• 

910  2ML140 

LDY  40  l  KICK  UTT 

3SA  SPAUPD 
INL1S0  LDA  (4C31.Y 

•TA  cirti.v 
lirr 

CP  Y  4240 

INI  2NL1 90 
LOA  |C3 
CLC 

ADC  144 
•TA  |C3 
LDA  9C4 
ADC  41 

•TA  9C4 

lda  iro 

CLC 

ADC  #44 
•ta  iro 
lda  irt 

ADC  II 

•ta  irt 

Die  CUMDL 
BNE  INLliO 
LDA  410 
STA  CUNDL 
IDA  CTAAtG 
LOA  #24 
•TA  CTAAtG 
IN LI 40  LDA  CTAAXQ 
AND  114 
•  EQ  IN  LI  7  0 

JSR  iPAl/PD 

DtC  CUMDL  ;GW  DELAY 

BNE  1NL170 

LDA  CTAAtG 

tOA  444 

•TA  CTAAEC 

LDA  13 

STA  OL'NDl 

LDA  • <13992 

STA  iro 

LDA  #<13940 
•TA  IC3 
LDA  #>13940 
•TA  %Tl 
•TA  |C4 

IN  LI  70  LOA  CTAAtG 
AND  #32 
•tO  IN1210 

LDi  4240  ;K1CX  A1GHT 
39ft  4PALPD 
1NL1I0  LOA  (9PDK1 
•TA  (9C3) , T 
Dll 

C?Y  4233 
•Nt  INL140 
LDA  9C3 
CLC 

ADC  #44 
•TA  9C3 
LOA  IC4 
ACC  #1 
STA  IC4 
LOA  IPO 
CLC 

ADC  #44 
•TA  If D 

LDA  #rt 
ADC  #1 
•ta  in 
DtC  CUNDL 
•NE  JNL210 
LDA  CTftAZC 
AND  #223 
•TA  CTAAtG 
LDA  #0 

•TA  V421  /WAITt  CTAAG 


ADDA 

•A3, 1334 

LDX 

«• 

XNL190  LDY 

14 

LOA 

4177 

ZNL200  9TA 

14A3) ,  Y 

DtY 

If  L 

XtfUOQ 

LDA 

4A3 

CLC 

ADC 

#40 

•TA 

430 

LDA 

4A4 

ADC 

#0 

•TA 

9A4 

Dtx 

wt 

unto 

1ML210  LDA 

CTAAtG 

AND 

#44 

no 

1NL270 

DtC 

•CACTI  i 

in 

INL270 

DEC 

•CNCT2 

INK 

1NL230 

LDA 

CTAAtG 

BON 

#43 

•TA 

CTAAtG 

ADDA 

•n.fNi4 

LDY 

#40 

•TY 

•cacti 

DtY 

LDA 

•  177 

IML220  tTA 

1914, T 

DKY 

•PL 

XNL220 

JKP 

INL2  30 

1NL230  LOA 

•CACT2 

AND 

#1 

•to 

XNL240 

LDA 

ctnuc 

•ON 

#44 

•TA 

CTAAtG 

JNP 

XNL270 

XNL240  LDA 

#40 

STA 

•CACTI 

XNL230  LDY 

♦  247 

LDA 

♦  0 

XML240  tTA 

13912. Y 

DtY 

in 

XNL240 

JNL270  JNP 

•£A31 

•PAUTD  INC  V  »Xt  SPAITt  0 

INC  V 
INC  V 

NTS 

no  4  .»m 

124,94.94,  120,44.94,94,  3.0.0.40.  102.  102. 10 
2.40.0.0.0, 124 
.  9YT9 

102.94, 94. 94,0.0,0,0. 0, 0, 0. 0.  0.  124.  102, 102 
,124. 102.102.124 

.om 

0,0,0.40.4, 42. 102.42,0.0, 0. 42,94. 40, 4, 124, 
0,0.24.0.94,24 
.  9YTt 

24, 40,0.0. 0. 40. 94. 94, 94, 40, 0.  0. 0. C. 0. 0, 0, 0 
.0, 124. 102, 102 
,»TTt 

124.120.101.102.  0.0,24.0,  34,24,  24.40,  0,0,  1 
4.24,42.24.24,24 
.»YTt 

0,0,54,  24,24.  24,24,40,0,0,0,40,  102,  124.94, 
40,0.0.0.0.0.0 


0,0,0,99.  119, 127, 107,99,  99,  99,0.0.0,40,4.  4 
2. 102.42,0,0,0 
,»YTt 

124,102.94,  94.  94,  0.0.  94.  94, 101. 120.  109,  102 
,0,0,0,12,94,40 

•  9YTK 

4, 124. 0, 0, 0,102, 127, 127, lr 7, 99, 0,0, 0,40, 4, 
42,102,42.0.0,0 
.»YTt 

124. 102,102,102,102.0,0,0,42,94,  40,4,  124,0 
,0,94.94,124,102 
.•YTt 

102. 102,0.0,24,0,34.24,24.40.0,0,0.  124,102 
.102,124,94  94 

0,0.0,0,0,0.0,0,124.24,24.24.24,24. 24,0,0, 
0,124,102,94,94 

•  »YTt 

94,0,  0,0,  40.4.42.  102. 42.0.  0.24.0,34,  24.24, 
40.0,  0.  0.  124,  102 
.•YTt 

102, 102, 102,0.0,24,0, 34, 24,24, 40, C, 0. 0, 124 
.102,102,102.102 

•  9YTt 

0,0,0,42,  102,  102.42,4,124,234.234,2  34,234, 
234.  234.234,234 
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fttb  -  byte 

SNE 

>2 

STY 

210 

0. 102.(0, 145 , 40. 102, 0,0, 0, 102,(0.  JS 1 ,  €0.  10 

»NC 

71*1 

ASL 

A 

2.0.0.0.102 

72 

.MND 

ML 

A 

-»TTt 

JKF 

uteri 

ASl 

A 

40, 251. 40.102,  0,0.  0.  0,0. C,  0.0. 0.0. 114.102. 

JKF 

Utkl 

•TA 

HOLDA 

102. 124. »4 

LETEAS 

LDA 

71 

•TA 

209 

.»m 

STA 

IPX 

HULS  LDA 

HOLDA 

*4.  *4. 0.0.0.  102.  102.  103.  102,42,0.0.14.24,2 

LCA 

72 

CLC 

4.34. 34. 4C 

STA 

IPX 

ADC 

209 

RTTE 

ldy 

40 

•TA 

209 

0.0. >4. 24, 24, 24. 24. *0.0,0. 0.0. 0.0. 0.0. 0.0, 

LDA 

(IPD) .Y 

i lexctm  or 

LDA 

210 

24. 124.24,24 

•  NE 

LET010 

i  STRING 

ADC 

#0 

1TTE 

RTS 

•TA 

210 

*4.  14.0.0.0,  124.  102.  94.  94.  94.0.  C.  24. 0.14.  2 

IET010 

STA 

1ANITR 

DRY 

4.24. 40,0,0 

1NT 

SNE 

XU  LI 

.  BYTE 

LDA 

(SPO).Y 

i address  or 

LST110  JMF 

LET440 

0.42.  102.  102.(2.4.  124.  0.  0,  42,  102.  102 . 42.  «. 

STA 

4  A3 

l  STRING  MOM 

LET140  CMF 

#114 

/n-lFClSSTR 

124,0.  0.  40, 

1NY 

1  IN  |A1  AND 

»E Q 

LIT  170 

•  BYTE 

LDA 

(irD).Y 

1  SA4 

JMF 

LET11Q 

102.124.  44,  4L.  0,0.  0,114, 102. 44,  94,94.  0.0.0 

STA 

SA4 

1  — 

LET  170  JSR 

BYTES 

.  0.  0. 0.  0.  0 

lsyhl 

LDY 

40 

see 

1ST  140 

■  JTT1 

STY 

TLACS 

;  CLEAR  FLAGS 

JMF 

UT700 

0,0.24. 124.  24.  24,24.14. 0.0.0,40,102. 102,  10 

LDA 

1)272 

/IMI  CM  SET  7 

LSTISO  LDA 

1 

iVIC  CHIP 

2,40.  0.0,0 

AND 

12 

CM 

44 

/  BACK  IN  FOR 

.sm 

SEO 

••7720 

i  SET  1 

STA 

1 

/  A  SBCCRfD 

0. 0.0,  0.0,0,  0,  94,  44.  124.102,102,124.0,0,  0. 

LDA 

i  SET  2 

LDA 

■OLDA 

40. 102,124 

STA 

AND 

#1 

im 

LST020 

LDA 

/•■ITCH  ]M 

»EO 

LET 190 

94.40.  C.  0.0.  42. 102, 102,  42,4,  124.0,24.0.14. 

AND 

*2  j1 

i  CHARACTER 

LDA 

S1241 

/•LANE  SCAN 

24.24,40,0 

STA 

1 

»  ROM 

AMD 

#219 

.»m 

LST030 

LDA 

40 

STA 

1)245 

/SCREEN 

0.0, 124.  102. 102. 102.  102,0,0.0.0,0,0,0,0.  0. 

•T* 

HOLDA 

JMF 

LET200 

0.  102.40.2S1 

LDA 

214 

/LIME  MUMSER 

LET  190  LDA 

53245 

/UMBLAME 

.  BYTE 

SI  A 

•  PE 

; LINE*  2 1( 

ORA 

#14 

/SCREEN 

<0. 1C2.0. 0,0, 1C2. 40. 211.40. 102, 0. 0. 0. 102.4 

Ml 

A 

.•  LINE*) 

STA 

13241 

O.255.4C.1O2.0.C.O 

Ml 

A 

r  LIMt*4 

L  00  LDA 

HOLDA 

.END 

Ml 

A 

1  LIKE*# 

AND 

#2 

TIN 

Ml 

A 

;  LIME* 14 

SEO 

LET210 

1  Pi  1  CAT  .  BYTE  202,205,144.  125.117.0.0.0 

BCC 

LET040 

LDA 

13241 

.’SET 

;  JKB  74  5 

INC 

HOIOA 

AND 

#223 

;  TEXT 

.BYTE  215, 200. 141. 111. 113.0.0.0 

LET040 

Ml 

HOLDA 

STA 

13245 

/MODE 

.WHO  74.5 

AS  l 

A 

;  LIME *12 

LDA 

13272 

.IYTE 

•  re 

LET050 

AND 

♦  247 

2CS. 143. 145.  13 S.  152. 102. 102.  102 

3  NC 

HOIOA 

•  TA 

11272 

.MAC  74.2 

LET050 

Ml 

HOLDA 

JMF 

LET220 

BYTE 

Ml 

A 

; L1NE*44 

LET210  LDA 

11241 

;  SET 

J43.21C.2C;.  1U.  150,204.204,205 

tee 

LET040 

ORA 

♦  32 

/SIT  MAF 

;AH;  7  > .  4 

INC 

IPE 

STA 

S124& 

/•ODE 

•  BYTE 

LET040 

STA 

iro 

; L1NE*120 

LDA 

S1272 

204, 195.211.  131.  144. Ill, 111, 114 

LDA 

HOLDA 

ORA 

#4 

; ICS  74.3 

CLC 

•  TA 

1)272 

-»Ttt 

at: 

IFE 

LET220  LDA 

HOLDA 

215. 200. 191. 135. 149. 111. 152, 114 

3TA 

•rs 

AND 

•  4 

;NHC  73.1 

LDA 

211 

i  COWHN 

•SO 

LET230 

-BYTE 

ASl 

A 

/COLUMN*! 

LDA 

1)272 

i SET  VFPEA 

202.205, 194. 125. 144. 102, 102, 102 

ML 

A 

i  COLUMN*# 

AMD 

#213 

ICME 

;JKB  72.2 

ML 

A 

; COLUMN'S 

STA 

13272 

-BYTE 

BCC 

LET070 

LDA 

flac: 

205,143,145.135.140.151,1  3,114 

INC 

•  PE 

AND 

#211 

.MAC  ?0.3 

CLC 

STA 

FLAGS 

.BYTE 

LET070 

KL : 

•PD 

LET230  U>A 

HOLDA 

2C4. 195.211,  131.  134,  102, 102, 102 

STA 

•ro 

/ L*120*C*4 

AND 

#1 

; LC*  44. 2 

IDA 

•  PE 

•SO 

LET240 

.BYTE  14), 21C.  201. 1)5. 1)0.41. 51, 11 

ADC 

432 

>•1192 

LDA 

13272 

/SET  LONER 

;ARJ  41.1 

STA 

•  PE 

ORA 

42 

.CASE 

.OFT  HIT 

LET  040 

LDA 

(•A3)  .Y 

STA 

33272 

.  END 

STY 

HOLDY 

LDA 

FLAGS 

•-57344 

CNF 

#242 

1  SET  } 

ORA 

#4 

. OPT  NOL 

BNE 

LET040 

STA 

FLAGS 

;F1  TOGGLE  Site  (IX,  2X) 

LCA 

FLAGS 

LET240  LDA 

1 

/VIC  CHIP 

;t2  BET  CVS SOB  IX.  Y  NEXT  4  SITES) 

AND 

4211 

AND 

4211 

/OUT  AGAIN 

;ri  SFlCIAL  INSTRUCTIONS 

STA 

FLAGS 

•TA 

1 

•  IT  0  BET  -BLANK  SCREEN 

vK2 

LET4K 

LDA 

HOLDA 

/CLEAR  FART 

SIT  0  CLR;VNfeLANR  SCREEN 

LET090 

CMF 

«U 

:SET  2 

AMD 

«u 

/  OF  SCREEN? 

/  SIT  1  SET: ENTER  TEXT  RODE 

SNE 

LET  100 

REO 

LET  2  40 

i  SIT  1  CLRi ENTER  GRAPHICS  #O0 1 

LDA 

FLAGS 

1SR 

SYTE2 

1  SIT  2  SET:  SET  l/FFRR  CASE  MODE 

ORA 

#4 

SCS 

LET)  0  0 

i  SIT  2  CLR  MO  CHANGE 

STA 

FLAGS 

LDX 

HOLDA 

/START  LIKt 

/  SIT  2  SET  i  SET  LOMEA  CASS  NODE 

JW 

UT490 

JSR 

BY7E2 

/LAST  llMt 

Sit  3  CIS  MO  CHANCE 

LtTl 00 

CMF 

#1)3 

iPl-EM LARGE 

SCS 

LET100 

/F5  SCREEN  OCLOR  i IM  NEXT  2  SlTEJ ) 

SNE 

LET11D 

/OR 

TEA 

;F4  SO  AD  1 9  COLOR  (IN  LtxT  2  RUED 

LDA 

FLAGS 

;  NORMAL 

TAY 

/F7  CHARACTER  COLOR  (NEXT  2  STSSGI 

tOR 

#1 

LDA 

*<•142 

ifl  RETURN 

STA 

FLAGS 

•TA 

•ro 

COO  El  -lil'/i 

JMF 

LET490 

LDA 

#>1192 

CODE 2  -143‘>? 

LET1 10 

CMF 

#137 

;F2 -CURSOR 

•TA 

•  FE 

COLOR  •14174 

BNE 

LET140 

CRY 

#0 

f LACS  -14379 

JIR 

SYTE2 

•so 

LST240 

HOLDA  -14110 

t:c 

LET110 

CFY 

♦  25 

HOLDY  -14142 

UT120 

JMF 

LET70C 

SCS 

LST240 

UNSTR  -14141 

LET 130 

CMF 

♦40 

LET2S0  LDA 

#FD 

MAC  ADD* 

BC4 

LET140 

CLC 

LDA  l<7  2 

•  TA 

1 

ADC 

#020 

•TA  7! 

UT140 

JIR 

"r  2 

ITA 

•2r» 

IDA  4>7* 

SCI 

LDA 

IFE 

STA  71*1 

CKF 

ADC 

#»20 

,MND 

•c$ 

7 

STA 

•  FE 

.MAC  CINT 

ST* 

DET 

INC  71 

l 

t 

SNE 

LET  2'0 

UT240  LOT 

#0 

LDA 

#0 

UT27Q  *TA 

nrr 

(trD)  ,Y 

EVE 

UT2T0 

me 

«ri 

LET2I0  ITA 
INY 

(iro». y 

err 

4*4 

•cc 

LET2I0 

LOA 

CLC 

IfD 

aoc 

4*4 

•  TA 

iro 

U>A 

•PE 

ADC 

40 

ITA 

INI 

•rt 

ett 

423 

BCt 

LCT210 

CPX 

HO  LOA 

BCC 

LET2I0 

ECO 

LE7240 

LET290  JMP 

LET*! 0 

LIT J 00  J» 

LET700 

JW 

LET490 

UT310  Off 

414 

Bit 

LETJ20 

LOA 

PLACE 

ORA 

42 

iTA 

FLAGS 

JMP 

LET  HO 

LET2 20  CMP 

414* 

SHE 

UT33C 

LOA 

PLACS 

AND 

4233 

ITA 

PLACS 

JMP 

UT490 

UT3J0  CW 

4131 

BNE 

LET  3  *0 

JSR 

BYTE2 

BCC 

LET3S0 

LIT 3  4  0  JMP 
LET3S0  IIC 

LET700 

sec 

41 

CMP 

41 

BCt 

LET340 

ASL 

A 

Ail 

A 

ASL 

CLC 

A 

AOC 

4<AARCMS 

STA 

ire 

LDA 

4  >AAROMS 

AOC 

40 

STA 

•re 

JKP 

LET610 

LIT3SC  CMP 

4135 

t« 

LETS 10 

JSR 

BYTE2 

BCC 

LET370 

JMP 

LET  TOO 

LET370  LOA 

4240 

STA 

COPE1 

JSR 

ao;scr 

JMP 

LETVtO 

IIT3B0  CMP 

•  1)9 

BEE 

LET* 00 

JIB 

BYTE2 

BCC 

LET390 

J» 

LET390  TAX 

LETTOO 

LDA 

1 

ORA 

#4 

ETA 

1 

BTX 

•  3210 

LDA 

1 

AMD 

•2S1 

BTA 

1 

JMP 

UTItw 

UT400  CMP 

•  147 

BNE 

UT430 

LOA 

♦<•192 

BTA 

•ro 

LDA 

♦>•192 

BTA 

•PB 

JDf 

•  0 

LIT  410  LDA 

♦  0 

BTA 

UPD>,T 

erne 

•rp 

LOA 

•PD 

CMP 

•<1*192 

BMC 

LIT 4  IV 

LDA 

•PE 

CMP 

♦>14192 

BNE 

LET4 1 0 

LIT*  JO  LDA 

•>1024 

ITA 

210 

LOA 

•  0 

i reverse 

;0N 


; REVERSE 

iorr 


jTA-MJicms 


i PS -COLOR 


;P4- iow» 

i  CO  LOU 


; SNITCH  IN 

;  vie  our 

i  A  JtCOtfD 
/KU>t* 

I fNITCH  OUT 
,  VIC  CHIP 
l  AGAIN 

(CUM  ICRN 


BTA 

209 

JMP 

UTS  90 

BTA 

211 

LETS 10  AND 

•  127 

BTA 

214 

DMA 

4*4 

JMP 

UTS90 

LETS 90  BTA 

m 

LET430  CMP 

#29  i SIGHT  AARON 

LDA 

•  0 

BNE 

UT440 

BTA 

•re 

JSR 

TLINE 

LDX 

•  3 

JMP 

LET *90 

LETiOO  ABL 

tfB 

LET4  tO  CMP 

•17  /DONN  AARON 

BOL 

•re 

BNE 

LET4S0 

DEX 

JSR 

UT710 

BNE 

LET400 

SKIP  JMP 

LET* 90 

LDA 

•PC 

LIT4S0  CMP 

•14S  i VP  AARON 

CLC 

BNE 

LST4*0 

ADC 

•BOO 

LOA 

FLAGS 

BTA 

ire 

AND 

#1 

IDA 

FLAG! 

BTA 

IPP 

AND 

14 

B1C1  LDA 

214 

BEQ 

UT410 

BIG 

SKIP 

LDA 

ire 

DEC 

214 

CLC 

LOA 

209 

ADC 

♦  B 

SEC 

BTA 

•re 

BIC 

•  40 

LET* 10  LDA 

209 

BTA 

209 

CLC 

LOA 

210 

AOC 

211 

SBC 

•  0 

BTA 

•Cl 

STA 

210 

LDA 

210 

DEC 

$n 

ADC 

•  0 

BIO 

Bici 

BTA 

IC4 

JMP 

LET490 

LDX 

♦  • 

LET440  CMP 

•1S7  /LETT  AARON 

LDA 

*«* 

BNE 

LET4I0 

ABL 

A 

LOA 

PLACS 

ABL 

A 

AND 

•  1 

ABL 

A 

BTA 

•  PP 

ABL 

A 

BIC2  LDA 

211 

BTA 

COLOR 

BNE 

LET470 

LET*20  LOT 

•  0 

LDA 

214 

LDA 

(•FBI  .  Y 

BEQ 

•RIP 

BTA 

HO  LOA 

DEC 

214 

LOA 

FLAGS 

LOA 

•  40 

BEQ 

LPT440 

STA 

211 

AND 

•  1 

LOA 

209 

BEQ 

LXTI30 

sec 

JSR 

DOUBLE 

SBC 

•  40 

LST430  LOA 

rues 

STA 

209 

AND 

♦2 

LDA 

210 

•IQ 

LET440 

SBC 

•  0 

LDA 

MOL0A 

ITA 

21C 

BOR 

♦  211 

UT470  DEC 

211 

BTA 

HOLDA 

DEC 

•fP 

LDA 

HO  LOA  *1 

BEQ 

BIC2 

BOA 

♦  2IS 

JMP 

LET* 90 

BTA 

HOLDA* 1 

UT4I0  CMP 

112 

LETC40  LDA 

HOLDA 

•HE 

LETS00 

BTA 

(tro) , y 

LIT490  LOA 

#40 

LOA 

(ICJ) , Y 

STA 

211 

AND 

♦  IS 

JSR 

TLX  HE 

ORA 

COLOR 

JMP 

LET490 

BTA 

(IC3) , t 

LETSOO  CMP 

1124  ; P7-CHAA  COL 

LOA 

PLaCB 

•  HE 

LETS’ 0 

AND 

♦  1 

JPR 

BYTE? 

BEQ 

UTIIO 

BCC 

UTS  10 

LOA 

214 

JMP 

LIT 700 

CMP 

♦  24 

LETS  1 0  LOA 

•  IS 

BEO 

UTIIO 

•TA 

CODC1 

un 

LDA 

HO  LDA 

LDA 

HOLDA 

AIL 

A 

BTA 

(IPO).Y 

ASL 

A 

LDA 

IIC31 , Y 

ASL 

A 

AND 

♦  IS 

ASL 

A 

ORA 

COIOR 

STA 

HO  LDA 

BTA 

ISC31 , Y 

JIB 

ADJfCB 

LDY 

♦  40 

JMP 

UT490 

BTA 

IIC3) ,T 

UTS20  CMP 

•140  rff-RlTVAN 

I  NY 

BEQ 

UT490 

BTA 

4IC3),Y 

CMP 

419  (MW 

LDY 

♦  1 

BNE 

LETS 30 

LDA 

HOLDA*  1 

JUT 

LET420 

BTA 

<IPD),Y 

UTS 30  LDl 

10 

lift 

ISPD) i Y 

VETS40  LDA 

•PCZAL,  X 

BTA 

BEQ 

LETSC0 

erne 

•PB 

CMP 

<f  A3 ) ,  Y 

OINC 

•PO 

BIO 

lbtsso 

cm  e 

iro 

INK 

DEX 

III 

BNE 

UT4S0 

JMP 

LETS40 

INC 

211 

LSTSS0  INI 

DEC 

•PE 

LO/ 

SPC 1 AL,  X 

LDA 

•PD 

B1A 

*4* 

BBC 

JMT 

LKT490 

BBC 

♦  44 

UTS40  LDA 

(f A3) , ¥ 

BTA 

•PD 

CMP 

19* 

LDA 

•PE 

BC» 

LETS70 

BBC 

10 

AND 

#191  i  X<9* 

JtA 

IPE 

JMP 

UTS90 

JMP 

LET44D 

LETS  70  CMP 

41*1 

UUSO  CPX 

♦4 

BCS 

LETS40 

BNE 

LET* 70 

AND 

4223  j9*<3t<j41 

LDA 

•PD 

(UIOUIH 


/■HICH  SET? 

I  SET  I 
I  SET  2 


/CHAM 


(BIT  MA~ 
I  COLOR 


i  COLOR 
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CLC 

ADC  434 
STA  »ro 
LDA  |Pt 
ADC  41 

ita  « n 

JW  L1T42Q 

LET440  bine  frD  ;»IT  HAP 


01NC 

DEX 

IfB 

BEO 

LET4I0 

LET470 

JW 

LET420 

LET4S0 

JSK 

TUNE 

UT490 

LOT 

HO  LDY 

llfY 

0EC 

LENSTA 

BEO 

LET700 

jkt 

LST030 

UCT700 

AT  4 

TLINE 

INC 

211 

LDA 

211 

CHI* 

440 

BCC 

LET730 

LDA 

#0 

ITA 

211 

1X17 10 

IDA 

TLACI 

AND 

11 

BTA 

•r? 

1X7720 

LDA 

214 

049 

124 

•40 

LET730 

INC 

214 

LDA 

209 

CLC 

ADC 

440 

STA 

209 

LDA 

210 

AOC 

10 

ITA 

210 

DEC 

irr 

BEQ 

LET 720 

LET730 

NT* 

ADJSCB 

LDY 

I<1024 

STY 

•ro 

LOT 

#>1024 

STY 

in 

AD701 

LDY 

#0 

LDA 

<  4FD) . Y 

AND 

CODE! 

OAA 

HOLDA 

ITA 

< irD) , y 

DXNC 

bed 

LDY 

$ro 

C9Y 

4  <2024 

BNE 

ADJ01 

LDY 

irt 

CPY 

#>2024 

BNE 

ADJ01 

AT* 

DOUBLE 

TXA 

f  HA 

LDA 

MOLOA 

LDA 

40 

•TX 

HOLDA 

•  TX 

HOLDA* 1 

TAX 

LDA 

4124 

BTA 

coon 

LDA 

#192 

STA 

CCDE2 

DBL1 

TXA 

AND 

CODE1 

BEO 

DB  L2 

LDA 

CODE2 

OKA 

HOLDA 

•TA 

HOLDA 

DBL2 

UN 

COOE1 

LBN 

CODE  2 

LEA 

COOE2 

•NX 

DILI 

LDA 

#192 

•TA 

CODE  2 

DIL3 

TXA 

AND 

coon 

•to 

DBL4 

LDA 

CODE  2 

OAA 

HOLDA* 1 

•TA 

HOLDA  *1 

0IU 

LIB 

COOE2 

LBN 

COO  42 

LBN 

COOtl 

•  Nt 

DEL3 

fLA 

TAX 

•T9 

•m2 

JIN 

VTDATt 

BC9 

•TL20 

BEC 

BBC 

♦  '0 

ASL 

A 

STA 

HOLDA 

LOT 

44 

BYL10 

CLC 

ADC 

HOLDA 

DEY 

BNE 

BTLlO 

ETA 

HOLDA 

JSA 

V9DATI 

BCS 

BYL20 

SEC 

BSC 

#*0 

CLC 

ADC 

HOLDA 

STA 

HOLDA 

CLC 

BYL20 

NT! 

Uf DATE 

LDY 

HD  LDY 

1  NY 

DEC 

LIN ITA 

BNE 

VT  10 

BEC 

NTS 

U710 

LDA 

(IA31.T 

•  TY 

HO  LDY 

CLC 

ATI 

-OAT 

■OL 

sfciAx  .»m 

144, 0.5. 1.2S.2,  139.3,154, 4,  JO,  5,31.  ♦ 

.BYTt 

151,7, 1 29 , S.  149. 9, ISO, 10, 131, 11,132,12 
.BYTE  153,13,154,11.195.15.0,0 
AARONS  .BYTE 

0,24, <0,1 29. 24, 24, 34, 24,0, 24, 120,  SC, 104,  ft 
,192, 192 

.BYTE 

0,4, 9.2 35, 255, 4, 4, 0,0, 192, 192, 94, 104. )i. 12 
0,24 

.BYTE 

0,24,24,24,24.124.  40,24,0.  3.3,4,22.  21,30,2 

4 

.BYTE 

0,32. 94,253.2  35.94,32,0,0.24.30.24,22,4,3, 

3 

.OfT  LIST 
.END 
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in 

ITX 

niff 

•TA 

iDrrr 

•phov 

LOA 

♦  i 

r  MS  TOM  CTt  1 

LOT 

•  0 

*TA 

CTt  1 

;  DtLAY 

LDA 

(iroi.Y 

U)A 

DIB 

•TA 

in 

Off 

#1 

91  BC 

in 

•to 

•PHV01 

LDA 

443 

•cc 

SPMVOO 

•TA 

ssaas 

Off, 

♦  1 

LDA 

4>1 

•to 

If  KVO) 

•TA 

13272 

•cc 

•PMVOl 

ADDA 

1X3,1024 

Off 

♦S 

•CL010  LDA 

IlfDJ.Y 

•to 

IP MY 03 

•TA 

(1X4) ,  Y 

•cc 

•PHV04 

DINC 

4fD 

Off 

#7 

DXMC 

1X3 

•to 

•FHV07 

LDA 

4X3 

•cc 

•PMV04 

Off 

4 <2024 

•PHVOO 

211 

ADDX 

•Ht 

•CL010 

Jf* 

CHXX 

LDA 

•A4 

Jiff 

OUTHV 

Off 

♦  >2024 

•OMV01 

Jilt 

ADDX 

in 

•CL010 

JIM 

ADDY 

ADDA 

IA1.I1M 

Jit 

am 

•Ci.020  LOA 

♦n 

Jiff 

OVTHV 

•TA 

(1X3). Y 

•PNVC2 

Jit 

ADDY 

01NC 

1X3 

JSt 

CMJtT 

LDA 

1X3 

JKP 

OVTKV 

Off 

♦<14102 

•PMV03 

Jit 

•UBX 

•« 

JCL020 

Jit 

ADDY 

LDA 

|X4 

Jit 

CHXX 

off 

♦>14102 

Jiff 

OVTHV 

IKt 

1CL020 

•FKVQ4 

Jit 

•VDK 

ADDt 

1X3,4102 

Jit 

CHXX 

1C to JO  IDA 

(irD).Y 

JKP 

OUTHV 

Off 

in 

•phvos 

JSt 

•VBX 

•Ht 

1CL040 

Jit 

•  VBT 

DXMC 

iro 

Jit 

CHXX 

LDA 

(IfD).Y 

Jiff 

OUTHV 

8TA 

•A3 

1PKVG4 

Jit 

•VBT 

DXMC 

1FD 

Jit 

CHJCY 

LDA 

(IPD).Y 

Jiff 

OUTHV 

CLC 

•PKV07 

Jit 

ADDX 

ADC 

4>I102 

Jit 

1VBY 

•TA 

4A4 

Jit 

CHXX 

JKP 

•CLOSO 

Jiff 

OUTHV 

■CL040  1TA 

(4A3».Y 

ADDX 

LDX 

TW 

DXMC 

•A3 

ADDX1 

DtX 

•CLOSO  DIHC 

•TD 

LOA 

V.  X 

LDA 

1X3 

CLC 

Off 

♦<14102 

ADC 

♦1 

•Ht 

•CL030 

•  TA 

v.x 

LDA 

»A4 

DtX 

Off 

♦>14102 

crx 

•  2 

BHl 

1CL030 

•  Cl 

ADDX  1 

LOA 

♦  32 

RT1 

1TA 

•orrr 

fUBX 

LDX 

TEJff 

LDA 

ISO 

•  U»Xl 

DtX 

•TA 

S324S 

LDA 

V.X 

ATI 

•tc 

.OPT 

LIST 

•  BC 

•  1 

.END 

•  TA 

V.X 

OtX 

CPX 

•  2 

•Cl 

•vex) 

•TS 

CHXX 

LDA 

V*2 

Off 

OfDX 

•XI 

CXOVT 

LOA 

40 

•TA 

LFOH 

cioct 

RT1 

ADDY 

LDX 

Tilt 

ADDY1 

LDA 

V.X 

CLC 

ADC 

#1 

•TA 

v.x 

DtX 

DtX 

CP  I 

12 

•Cf 

AD0Y1 

•Tl 

mr 

LDX 

text 

IOIT1 

LDA 

v.x 

•tc 

•BC 

11 

•TA 

v.x 

DtX 

DtX 

CPX 

#2 

•Cl 

JUtYl 

•Tl 

iCKUHCH  COCK 
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Grouping  Program  Documentation 


ID  D1H  rM(23.1)  :V-33249ta»-34Q4iB»-3«12iCt-1413 

20  dm*  mH(x>-nrr{x/2»*»  iDtr  nti<x)-x-iimx/2S4)»m>Dtr  nrnw-m (iurD(0>*x) 

10  TOR  1-0  TO  23  : MAD  XY%  ( l .  0)  . MY%  Cl .  1)  «  NEXT  1 

40  eO|-"(Fl}<CRNl  iF2U320CCMXCT*tPO*l  11211.0 

41  CH--(ILKMri)l«202UPl  MP2)0S20TUtflMWt3Mr2H020no!ltLD|»iC2l**i«HYlHP3)14202l  |f2)0S20y#HPl  MIUMP2H020XO{ULU)- 
10  POKE  2040. 14  .POKE  204 1. 34  ipOKS  2042,14.POKE  V*29,7ipOKE  V*23.7 

40  POKE  VOt.ltPOO  V*4 3, 1  s TOKK  VMl.liPOCB  V*29.0iPO«  V*14,OirOKB  V*21,0 

70  At-“(F4 )Q0 (F3 1 09  (CLA ) lPS)0l(P7)00(fl ) ( P2 ) 1203  (GRM )  GROW  INC <  LB LU) (P2 )62100ood  (hot  grouping* 

•0  A9-A9*"(P2  }01131a  important  tc(F2 1 091C**rk«MAahlp"  iQOfVB  lOOOiOOSUB  1010 
•0  4*0 1 OOJU1  10SOiM-*(P3)l70001(mtr2|0300TloM  shot  group t* 

100  At~At**{r2U1025hot»  hit (f2 J0304  clou  *ogoth«r.  (riMri)0l*i9om  1000 
no  ran  v.iootpoa  v*i,i24tr on  v*2. 112  iron  vo,  134  iron  v*4.i24ircn  vo.nt 
120  KU  123.  7  j  JYI  II 

130  A4-- (PU (fa  1 1321  TIGHT  *  i  OOaUB  lOOOiQOtVB  1010 

140  1-OiOOSUI  10SOiA4**(P3|17000S(PlMP2)OlOlUt«*  »hot  groopt" 

110  A9-*t*"{P2)0101ihotr  hit  f4r  *p*rt IPJI09 (PI  )* iOOSUB  1000 

140  POKE  V. 234 tfOKS  V*l.ll9iPOKE  VO.l70iPC*E  VO.  133  .POO  V+4, 94 .POKE  VO, 123 

170  POKt  123, 7 1 SYS  6B 

100  A4«*(ri|  (P211321  LM31  "lOQtOB  lOOOioOBVB  1010 

1*0  9-OiOOaUB  1030iAO«a>(f3|170003(PlUf2)040lT10ht  mh ot  group" 

200  At-At*"(f2 ) 0103flt«  U  4  oi  cirel*  (PI  MP3 )  04- iO09UB  1000 

2io  pan  v, *4 1 poet  vo.utiPco  v«2,iottpoo  v*3. 12  c  iron  vo.uoiPan  vo.no 

220  POXK  023, 7 i SYS  Ot 

230  pan  i«i.iitPon  tis.o.ron  ik.7)i^oq  io.ii  iys  ci«por  d-i  to  ioooimixt 

240  pon  023.7iPOn  043, 112  iPOKZ  145. 122  i  POO  047,104ipon  •4»,ll0i|Y>  9M 
230  OQ9UB  1010  .*-0  iGQlVB  1030iA«-*(P3tl700QMrinr2)OSOOIt  only  2  thots” 

240  A4-A4*"(P2 )0302c*O  M  •••n,  f Lx« (P2 ) 0204«nath«r  shot  gTOup(P3) 09" t OOBVB  1000 

270  Pan  V.O.POAE  VO.OiPOKI  V*2,14SipOKX  VO,130tPOKB  V*4,lll>POn  VO, 124 

240  pan  •23.7,iTl  14 1 004 UT  1010 

240  12-OjNC-O 

300  IP  XC-3  THE*  310 

310  Il-PMR(I)  Iir  <NC-2)  AMD  (  (12  A JTO  1S1-Q)  THAU  ll-rifR(4) 

320  IP  (MC-2)  AMD  (U2  AMD  2401-0>  THEM  El-TO  (4 » 44 

330  IP  (42  AMD  <2*11))>0  TH4H  11-41*1 l 41-41* «3>7) «*1 tpOTO  330 

340  12-  (12  m  (2*411)  iQOSVt  HiOiXP  4  THAJI  NC-MCO 

ISO  IP  (42  AMD  2401-200  TH4N  42-32  AMD  13 

340  IP  (42  AMD  1S)-13  THEM  42-32  AMD  240 

370  OOTO  300 

340  M-"  (P3) 09 (CLA }  (P1J  (P2H01  iV#ry  qpoG  (  ( P2  1  Oil  SSt«n4«r4*  Mt .  ( P3 104"  i  OOBVB  lOOOiOOIVB  1010 
390  At-"  (P4)00(f3)09(CLA)(P3)01(r7)00(PlH  CAN )  ( P2  1 020  SMould  you  lik*  to." 

400  ei|-"(Pl )(BLR)  |P2) 04 1S*(P2 13113  |P2 )  OOOIHgin  I  r* )  I  AMI  PI  1  progr  *■(  GRY3 1  (P2 1 2S04M*t«rt  |P2 )  jSlOthl*  ( T2 )  2S  12progr4n" 

410  C2C--(riHBLK)  (P2 10415  (P2  1 3113*  |P2)  2S0IR*«Urt  |P2)  2310thl» (Pi 12S12pr©gr4H!GRY3 1  (P2  )0004Mgln|P9  )9AM{P«  Iprogrw" 

420  POM  V*21 , 0 1 CQ4UB  IOOOiGOSUB  1040  i  IF  3-0  THEN  POKE  49141, 2i4Y4  49179 
430  PORE  33272 , 23  i  POKZ  33245.  27  ,PB]:it" (CIM)* /  iEMD : 4YS  49174 
1000  AI-A4:9Y4  49142  sAETVRH 

1010  At-" (LBLV) IP3 1 142424 (P2 | 0724<full  trigger  to  ©ontlnu«>" i C04UB  1000iBA-0 

1020  IT  PEER (34321 1-127  THEM  BA— 1 : GOTO  1030 

1023  IP  »4t*(34321)  0247  THEM  1020 

1030  ir  PEER  (54321 )  0233  THEM  1030 

1033  IP  4R  THEM  390 

1040  POKE  VOl , 0 : RETVRM 

1030  POME  122. 4;Sy4  3404ipOK4  33272,31 « RETURN 

1040  A*-”(L5LUHP31 142424  <r2)0S24<pun  trigger  to  ••loot  •*•»•*>"  :COJW  100a 

1070  AI-Cll:G09aB  1000 : 1-0 : BP-0 

1010  if  PEER  (54321 1-247  THEN  1—  l.OOTO  1140 

1013  IP  PEER (5432 11-127  THEN  BR— 1 i OOTO  1140 

1090  |-»fli|P  E<50  THEM  1010 

1100  A9— C2I i OOEl/B  1000:3-0 

1110  IP  PECK (3432 1 1-247  THEN  E-PjOOTO  1140 

1113  IP  PEER (34321 1-127  THEM  BR--1 : GOTO  1140 

1120  t-£* 1 j IP  £<30  THEN  1110 

1130  WTO  1070 

1140  IP  PEER(34321)<>253  THEN  1140 
1145  IP  9R  THEN  390 
1130  AETUAN 

1140  t-0 iGOBOB  1030 r £3— m (2 ) *99 

1170  £4-0  i  E— 0 :  Y-0 1 TOB  J-0  TO  2i£-rV*0>4S 

1140  IT  (£4  AMD  (2*l)l>0  THEN  £•£«! i£-t* (£>7) •  (£-5)  iGOTO  1140 

1190  £4-  (£4  C*  (2*1) ) :PQ*E  Vt J*2. MYi (£ 1 *3*£-3. 0) *£3 : X-X*MY9 (£1 0) 

1200  POKE  V*3*2*l,XY4l£l*3*l-3. 1) iY-Y*XY9(£1"34£-3. 1) iMEXT  J 
1210  X-XMT (M/3)4£3:Y— INT(Y/3) 

1220  Al— * (P3 M 70C03 (Pi | (P210301I*  thii  *  tight (P2 ) 1 103»hot  group* (PI  1 (P310I* iQOEl/B  1000 
1230  POO  923.  7 1  SYS  S3  iOOJl/1  1040 

1240  IP  l(*l>3)  AND  (1-01)  OR  ((£1<4)  AMD  (f— D)  THEM  1240 
1230  £—  ItAJ-COliOOStfB  1000. OOTO  1110 

1240  t-0 1 NC— 0  >  i— 0 1 OOBVB  1030  t  A|-"(f  1 )  1T2  1 1302 (BED.'  VBOMO  (LBLU)  (P3  )  171121" 

1270  ZP  £1>3  THEM  At— A|»" ( P 2 } 04 It Group  will  (1 1 (P2 ] 1 1201A  eircl«(fl ) * iOOTO  1290 
1210  At— Av*"  (P2 1 041  IGroup  not  (PI )  0720f  It  In  circl«|Pll" 

1290  POKE  V*2 1 . 7  i  PORE  044 . 1*20  :  PCBCE  I43.0>POU  944.Y-44 
1100  POKE  943, 2* >OOil/B  lOOOiBYi  CltPQU  33240,2 
1110  009 t/B  1010. P0«X  31290,  Ci  RETVRM 

3000  DATA  112, >44,  132, 130,  132. 104.  117,  112,  105,  144. 132, 105 
1010  DATA  91, 144. >44, 193. 142, 100, »9, >93. 132, 192, 124. 129 
*020  DATA  129,103,104,99, 119,94,119, >24.147,124,131.114 
9010  DATA  120.  124,  134,129,  131,123.  120,  142.114.  147,  110.194 
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•->400 

LDX 

PICTVR 

STA 

HOLD)* 1 

jItHOTlie.TXT 

DEX 

LDX 

#1 

.OPT 

SOL 

in 

SLPSO 

•  IT 

DY*  1 

JMP 

ENABLE 

ADDR 

•ro. 32745  /TOT  1/3 

JSR 

CM  TIP 

JK? 

DOABLE 

ADDR 

IA3.107S2 

JSR 

DOMOVt 

JMP 

SCENE 

ADDR 

STOP. 13431 

LDA 

XI 

JMP 

SHSAMC 

JIR 

MOVE  IT 

CLC 

JMP 

KOVtSP 

JMP 

SLP70 

ADC 

COUNT 

JMP 

CIRCLE 

JLP50  DEX 

STA 

XI 

STOP 

-120 

BXE 

SLP40 

CKP 

X2 

PICTUN 

ADDR 

•ID,  3S44I  /MID  1/3 

in 

MVI040 

CODE! 

ADDR 

SA3.107S2 

RTS 

COD  12 

.|2> 

ADDR 

•TOP. 13431 

CASES  LDA 

•  1 

CODES 

—•21 

JIR 

MOVEIT 

•  IT 

DY*1 

CODE  4 

-12 1 

JMP 

SLP70 

•PL 

KVSOIO 

SOLDI 

-121 

SLPI0  ADDR 

IfD, 3II4I  /ROT  1/3 

LDA 

•  233 

BOLD} 

ADDR 

•A3, 11392 

KVI030  STA 

COUNT 

BOLDS 

ADDR 

STOP. 12**1 

LDA 

HOLD1 

HOLD  4 

-1ST 

JIR 

MOVEIT 

STA 

•TIP  H 

XV  AL 

ALP70  LDA 

•  32 

LDA 

HOLDS 

YVAL 

•TA 

SDTPT 

STA 

STtPD 

XI 

RTS 

MVS 040  LDA 

#0 

Y1 

MOVPtt  LDY 

#0 

STA 

BOLD) 

X2 

-447 

NOV4M  LDA 

<iro) »  y 

LDA 

COUNT 

Y2 

•TA 

(|A3) .  Y 

STA 

HOLD) *1 

DX 

DISC 

in> 

LDX 

#0 

DY 

•  IS3 

DINC 

•A3 

•  IT 

DX*  1 

•tepk 

LDA 

•A3 

JIR 

CXI  TEP 

•TEPO 

•157 

CKP 

•TOP 

JIR 

DCMCVt 

CITEPN 

INI 

MOVE LI 

LDA 

y  l 

COUNT 

LDA 

•A4 

CLC 

ANCLE 

CMP 

STOPPl 

ADC 

COUNT 

RADIUS 

•1(3 

BXV 

MOVE  LI 

STA 

Y1 

CENX 

-144 

RTS 

CMP 

Y2 

CENT 

SHSAMC  LDA 

#121 

in 

MVI040 

hLDlPP 

-HI 

•TA 

COOE2 

RTS 

HlD2ff 

•KB010  LDA 

CODE  1 

CXITEP  RMI 

OtSOiO 

j NEXT  i 

ONI  AT 

l?l 

AND 

COOES 

LDA 

CITEPN 

LENSTR 

•  J4JIJ 

ISO 

SHB020 

CLC 

LETKL 

-OHS 

LDY 

•  233 

ADC 

STEPN 

V 

->3241 

JIR 

■AIT 

ITA 

CITEPN 

JOT3TX 

-S4320 

LDY 

#233 

CMP 

ITEPD 

.MAC 

DINC 

JIR 

■AIT 

sec 

CENT* 

INC 

71 

LDY 

#233 

SEC 

BXE 

72 

JIR 

■ait 

ISC 

STtPD 

INC 

71*1 

LDA 

V*21 

STA 

CITEPN 

12 

.HND 

ORA 

CODES 

INC 

XI. X 

.MAC 

ADDR 

•TA 

V*21 

INC 

HOLD), X 

LDA 

#<72 

JIR 

RANG 

CXRTJ  RTI 

STA 

71 

•HB020  LIR 

CODES 

CAS  010  LDA 

CITEPN 

LDA 

#>72 

IKE 

SKB01O 

CMP 

STEPN 

STA 

71*1 

RTS 

•cc 

CKS020 

.HMD 

MOVES*  LDA 

#0 

JMP 

CKI030 

ENABLE 

CLI 

ITA 

CITEPN 

CSS020  DEC 

XI. X 

RTS 

LDA 

X2 

DEC 

HOLD), X 

DSABLE 

RTS 

•  EC 

LDA 

CITEPN 

;  SCtMT 

IS  CALLED  TO  DISPLAY  ONE 

ISC 

XI 

CLC 

;  Of  THE  PICTURE!  OX  THE  EEROM 

TAX 

ADC 

STEPD 

; RUT  THE  PICTURE  NUMBER  IX 

•TX 

ox 

ITA 

CITEPN 

/THE  LOCATION  "PJCTUR"  AND  CALL 

LDA 

#0 

CXI 030  LDA 

CITEPN 

/THU 

ROUTINE,  OR  USE  THE  HACAO 

ISC 

#0 

•EC 

/  f  CRN 

PICNJM 

ITA 

CX*I 

SBC 

•  TtPN 

SCENE 

LDA 

•  43 

SPL 

MVS010 

STA 

CITEPN 

STA 

V*1T 

TXA 

RTS 

LDA 

#2* 

EOS 

#233 

DOMOVt  LDA 

#121 

STA 

V*24 

CLC 

STA 

CODES 

ADDA 

•A3. 1024 

ADC 

#1 

LDX 

•  14 

•  LP1Q 

LDY 

#0 

TAX 

DOM01C  LDA 

30DE1 

■  LP20 

LDA 

#177 

MVI010  ITX 

HOLD1 

AND 

COD  12 

STA 

(•A3)  .Y 

LDA 

Y2 

SEO 

DOMftSO 

DINC 

•A3 

SEC 

LDA 

v,  X 

LDA 

IAJ 

SBC 

Y1 

CLC 

CKP 

#<2024 

TAX 

ADC 

HOLDS 

SNE 

ILP30 

ITX 

OY 

•TA 

V.X 

LDA 

IA4 

LDA 

#0 

LDA 

VP  l.X 

CKP 

#>2024 

SRC 

#0 

CLC 

SITE 

SLP20 

STA 

OY*l 

ADC 

■OLD  3*1 

LDX 

P JCTUA 

RPL 

HVS020 

ITA 

VM.X 

SNE 

ELP30 

TXA 

DOH020  LIR 

COOES 

LDA 

#10 

•OR 

#233 

DEX 

STA 

sonr 

CLC 

DEX 

ADDA 

•ro, ssooo 

ADC 

#1 

BPL 

DOM010 

ADDR 

•A3.S1S2 

TAX 

LDY 

#32 

ADDS 

STOP, 141*2 

MVI020  ITX 

■OLDS 

JSR 

■AIT 

JIR 

HOVE IT 

CPX 

ROLDl 

RTI 

JMP 

•LP70 

see 

CAIE1 

•AMO  LDA 

•  13 

SLPSO 

ADDS 

•A3, 11*2 

JMP 

CASES 

ITA 

142*4 

IDA 

#0 

CASE!  LDA 

•  1 

LDA 

#10 

TAT 

■IT 

DX*1 

STA 

34277 

SLP40 

ITA 

ISAD.T 

•PL 

MVS030 

LDA 

#30 

DISC 

•A3 

•DA 

#213 

STA 

14273 

LDX 

•A3 

KVI0J0  „TA 

COURT 

LDA 

#12* 

CM 

#<141*2 

LDA 

HOLDS 

•TA 

3427# 

sec 

•LP40 

STA 

•TtPN 

LDA 

•  12* 

LDX 

#A4 

LDA 

HOLD1 

STA 

34274 

CPX 

#>141*2 

STA 

STEP0 

RTI 

see 

SLP40 

MVI040  LDA 

COUNT 

■AIT  LDX 

#233 

LDA 

#11 

STA 

HOLD) 

HAITI  DEX 

ITA 

•Dfff 

LDA 

•  0 

SNE 

■AIT) 
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Dtt 

LDA 

irrxAAT 

•ME 

■Ain 

LDY 

#>YXAAT 

RTI 

JSR 

IIIX2 

1  KEN  TO  FAl 

CIRCLE  LDA 

10 

JIA 

IBAJI 

(MULTIPLY 

ITA 

ANCLE 

JIA 

III  IF 

(UNTLQAT 

LDA 

4255 

LDX 

HOLD! 

fTA 

CODE  1 

LDA 

101 

CIAOIO  LDA 

40 

ITA 

DX.X 

LOT 

ANCLE 

ATS 

JIR 

415*1  i 

FLOAT 

FID1ID  .BYTE 

123.142. 

250.  S3.  17 

JIA 

•ICCf  (FAl  TO  PA2 

TXAAT  .BYTE 

121. 1*2,210. 13.41 

LDA 

KMOIIO 

•ITFLT  LDA 

♦  0 

LDY 

4XFIDU0 

ITA 

•  FD 

JIA 

111X2  itOM  TO  FAl 

•  TA 

IFE 

JIA 

•  1X2  B  iKL'LTIELY 

ITA 

|A4 

LDX 

4<NLOir? 

LDA 

Xl*l 

LDY 

4>HiDirp 

•  EQ 

PL020 

JSI 

I1BD4  j  FAl  TO  KIN 

CKF 

42 

;» 

IX24B  /IINE 

ICS 

FL010 

LDX 

40 

LDA 

XI 

JSA 

OtCOKF 

CNF 

#020 

LDA 

#<hldift 

ICC 

FL020 

LDY 

4>HLD1F» 

FL010  IIC 

JIA 

4RAX2  ;  KEN  TO  FAl 

ATS 

JIA 

41244  i COSINE 

FL020  LDA 

Yl 

LDX 

42 

CKF 
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APPENDIX  H 


Mathematical  Formulae 

The  baaic  mathematical  formulae  used  to  calculate  MACS  diagnostic  scores 
are  as  follows: 

Steady  Position  SD  (X— 45.  .-7)  +  SD  (Y—  45.. -7) 

Aiming  RD  (Target, X,  AVG  (X—  45. . -7) , TargetY,  AVG (Y—  45 .  .-7)  ) 

Trigger  Squeeze  RNG(X— 6..+3)  +  RNG(Y— 67.  .+3) 

Location  RD (TargetX, BulletX, TargetY, BulletY) 

SD  is  an  abbreviation  for  standard  deviation;  thus,  the  steady  position 
score  is  the  standard  deviation  of  the  X  axis  readings  for  the  4Sth  to  7th 
reading  before  trigger  closure.  This  is  added  to  the  standard  deviation  of 
the  Y  axis  readings. 

RD  is  an  abbreviation  for  radial  distance.  It  is  simply  the  Pythagorean 
formula:  the  square  root  of  the  difference  in  the  X  values,  squared,  plus  the 
difference  in  the  Y  values,  squared.  In  the  aiming  measure,  the  average  X  and 
Y  values  (AVG)  over  the  time  window  are  subtracted  from  the  target  X  and  Y 
values.  In  the  shot  location  measure,  the  bullet  strike  X  and  Y  values 
(defined  as  the  last  reading  taken  before  trigger  squeeze,  or  -1)  are 
subtracted  from  the  target  X  and  Y  values. 

RNG  is  an  abbreviation  for  range.  It  is  simply  the  difference  between 
the  maximum  value  and  the  minimum  value.  The  time  window  for  the  trigger 
squeeze  score  is  from  6  readings  before  trigger  closure  through  3  readings 
after  trigger  closure. 

A  factor  of  1.6  is  multiplied  to  the  Y  axis  scores  in  each  of  the  above 
formulae  to  compensate  for  the  greater  length  of  actual  pixels  in  the  Y  axis. 
The  mathematical  standards  are  shown  in  Table  H-l  below.  S  signifies  the 
actual  score. 

Table  H-l 

Standards  in  the  BRM  Program  for  Diagnostic  Scores  and  Shot  Location 


Below 


SuDDorted  Postion 

Excellent 

Good 

Averaae 

Averaae 

Poor 

Steady  Position 

0<S<2 . 5 

2 . 5<S<$ 

5<S<8 

8<S<10 . 5 

10 . 5<S 

Aiming 

0<S<1 . 6 

1 . 6<S<3 . 5 

3 . 5<S<6. 5 

6 . 5<S<9 

9<S 

Trigger  Squeeze 

0<S<2 . 5 

2 . 5<S<5 

5<$<8~ 

8<S<10 . 5 

10 . 5<S 

Shot  Location 

0<S<1 . 6 

1 . 6<S<3 . 5 

3 . 5<S<6 . 5 

6 . 5<S<<* 

9<S 

Below 

Averaae 

Poor 

Steady  Position 

0<S<4 

4<S<6 . 5 

6.5<S<9.5 

9 . 5<S<12 

12<S 

Aiming 

0<S<2 

2<S<4 . 5 

4 . 5<S<8 

8<S<11 

IKS 

Trigger  Squeeze 

0<S<4 

4<S<7 

7<S<11 

11<S<14.S 

14 . 5<S 

Shot  Location 

0<S<2 

2<S<4 . 5 

4 . 5<S<8 

0<S<11 

11<S 

Breath  control  is  "OK"  if  steady  position  is  excellent,  good  or  average. 
’'Check"  is  displayed  if  steady  position  is  below  average  or  poor.  The  breath 
control  score  is  presented  in  the  same  color  as  the  steady  position  score. 


H-l 


